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7DEOHRI&RQWHQWV
7KH ,QWHUQDWLRQDO -RXUQDO RI 6HFXUH 6RIWZDUH (QJLQHHULQJ LV FXUUHQWO\ OLVWHG RU LQGH[HG LQ $&0 'LJLWDO /LEUDU\ %DFRQ¶V 0HGLD
'LUHFWRU\&DEHOO¶V'LUHFWRULHV'%/3*RRJOH6FKRODU,163(&-RXUQDO72&V0HGLD)LQGHU7KH6WDQGDUG3HULRGLFDO'LUHFWRU\8OULFK¶V
3HULRGLFDOV'LUHFWRU\
&RS\ULJKW7KH,QWHUQDWLRQDO-RXUQDORI6HFXUH6RIWZDUH(QJLQHHULQJ,661H,661&RS\ULJKW,*,*OREDO$OOULJKWVLQFOXGLQJWUDQVODWLRQLQWRRWKHUODQJXDJHVUHVHUYHGE\WKHSXEOLVKHU1RSDUWRIWKLVMRXUQDOPD\EHUHSURGXFHGRUXVHGLQDQ\IRUPRUE\DQ\PHDQVZLWKRXWZULWWHQSHUPLVVLRQ IURP WKHSXEOLVKHU H[FHSW IRUQRQFRPPHUFLDO HGXFDWLRQDOXVH LQFOXGLQJFODVVURRP WHDFKLQJSXUSRVHV3URGXFWRUFRPSDQ\QDPHVXVHGLQWKLVMRXUQDODUHIRULGHQWL¿FDWLRQSXUSRVHVRQO\,QFOXVLRQRIWKHQDPHVRIWKHSURGXFWVRUFRPSDQLHVGRHVQRWLQGLFDWHDFODLPRIRZQHUVKLSE\,*,*OREDORIWKHWUDGHPDUNRUUHJLVWHUHGWUDGHPDUN7KHYLHZVH[SUHVVHGLQWKLVMRXUQDODUHWKRVHRIWKHDXWKRUVEXWQRWQHFHVVDULO\RI,*,*OREDO
,QWHUQDWLRQDO-RXUQDORI6HFXUH6RIWZDUH(QJLQHHULQJ-DQXDU\0DUFK
&RS\ULJKW,*,*OREDO&RS\LQJRUGLVWULEXWLQJLQSULQWRUHOHFWURQLFIRUPVZLWKRXWZULWWHQSHUPLVVLRQRI,*,*OREDOLVSURKLELWHG
.H\ZRUGV $JJUHJDWLRQ([SHUW'HFLVLRQ0DNLQJ*URXS'HFLVLRQ0DNLQJ,QWHUYDO9DOXH6XUYH\'DWD
2UGHUHG:HLJKWHG$YHUDJH6HFXUH6\VWHPV'HVLJQ
,1752'8&7,21
7RGD\ DQ HYHUJURZLQJ QXPEHU RI VHQVLWLYH
WUDQVDFWLRQVRIGDWDWDNHSODFHRQOLQHHJH
JRYHUQPHQWLQWHUQHWEDQNLQJDQGHFRPPHUFH
DQGF\EHUFULPHKDVEHFRPHSUHYDOHQW2QHRI
WKHFRQVHTXHQFHVRIWKLVLVWKDWWKHF\EHUVHFXULW\
RILQIRUPDWLRQV\VWHPVKDVEHFRPHDQLQFUHDV
LQJFRQFHUQ$VVHVVLQJWKHOHYHORIULVNSRVHG
E\VSHFLILFHYHQWVLVDQDUHDRIRQJRLQJLQWHUHVW
IRUPRVWLIQRWDOORUJDQLVDWLRQVOHDGLQJWRD
UHTXLUHPHQWIRUVFLHQWLILFPHWKRGVRIYDOLGDWLQJ
WKHF\EHUVHFXULW\RIVRIWZDUHV\VWHPV
7RZDUGVD0RUH6\VWHPDWLF
$SSURDFKWR6HFXUH6\VWHPV
'HVLJQDQG$QDO\VLV
6LPRQ0LOOHU,QWHOOLJHQW0RGHOOLQJDQG$QDO\VLV5HVHDUFK*URXS6FKRRORI&RPSXWHU6FLHQFH8QLYHUVLW\RI1RWWLQJKDP1RWWLQJKDP8.
6XVDQ$SSOHE\&RPPXQLFDWLRQV(OHFWURQLFV6HFXULW\*URXS&KHOWHQKDP*ORXFHVWHUVKLUH8.
-RQDWKDQ0*DULEDOGL,QWHOOLJHQW0RGHOOLQJDQG$QDO\VLV5HVHDUFK*URXS6FKRRORI&RPSXWHU6FLHQFH8QLYHUVLW\RI1RWWLQJKDP1RWWLQJKDP8.
8ZH$LFNHOLQ,QWHOOLJHQW0RGHOOLQJDQG$QDO\VLV5HVHDUFK*URXS6FKRRORI&RPSXWHU6FLHQFH8QLYHUVLW\RI1RWWLQJKDP1RWWLQJKDP8.
$%675$&7
7KHWDVNRIGHVLJQLQJVHFXUHVRIWZDUHV\VWHPVLVIUDXJKWZLWKXQFHUWDLQW\DVGDWDRQXQFRPPRQDWWDFNVLV
OLPLWHGFRVWVDUHGLI¿FXOWWRHVWLPDWHDQGWHFKQRORJ\DQGWRROVDUHFRQWLQXDOO\FKDQJLQJ&RQVHTXHQWO\H[SHUWV
PD\LQWHUSUHWWKHVHFXULW\ULVNVSRVHGWRDV\VWHPLQGLIIHUHQWZD\VOHDGLQJWRYDULDWLRQLQDVVHVVPHQW7KLV
SDSHUSUHVHQWVUHVHDUFKLQWRPHDVXULQJWKHYDULDELOLW\LQGHFLVLRQPDNLQJEHWZHHQVHFXULW\SURIHVVLRQDOV
ZLWKWKHXOWLPDWHJRDORILPSURYLQJWKHTXDOLW\RIVHFXULW\DGYLFHJLYHQWRVRIWZDUHV\VWHPGHVLJQHUV$VHW
RIWKLUW\QLQHF\EHUVHFXULW\H[SHUWVWRRNSDUWLQDQH[HUFLVHLQZKLFKWKH\LQGHSHQGHQWO\DVVHVVHGDUHDOLVWLF
V\VWHPVFHQDULR7KLVVWXG\TXDQWL¿HVDJUHHPHQWLQWKHRSLQLRQVRIH[SHUWVH[DPLQHVPHWKRGVRIDJJUHJDW
LQJRSLQLRQVDQGSURGXFHVDQDVVHVVPHQWRIDWWDFNVIURPUDWLQJVRIWKHLUFRPSRQHQWV7KHDXWKRUVVKRZ
WKDWZKHQDJJUHJDWHGDFRKHUHQWFRQVHQVXVYLHZRIVHFXULW\HPHUJHVZKLFKFDQEHXVHGWRLQIRUPGHFLVLRQV
PDGHGXULQJV\VWHPVGHVLJQ
'2,MVVH
,QWHUQDWLRQDO-RXUQDORI6HFXUH6RIWZDUH(QJLQHHULQJ-DQXDU\0DUFK
&RS\ULJKW,*,*OREDO&RS\LQJRUGLVWULEXWLQJLQSULQWRUHOHFWURQLFIRUPVZLWKRXWZULWWHQSHUPLVVLRQRI,*,*OREDOLVSURKLELWHG
7KLVVSHFLDOLVVXHDVNVWZRTXHVWLRQV
 :KDWDUHWKHIRXQGDWLRQDOPHDVXUDEOHDQG
UHSHDWDEOHVFLHQWLILFHOHPHQWVDSSOLFDEOH
WRDVVXULQJWKHF\EHUVHFXULW\RIVRIWZDUH
V\VWHPV"
,QWKHUHDOZRUOGWKHVXEMHFWLYHRSLQLRQV
RIF\EHUVHFXULW\H[SHUWVDUHXVHGWRDVVHVVWKH
VHFXULW\ RI VRIWZDUH V\VWHPV LQ WKHLU GHVLJQ
VWDJH ,QGHHG WKLV LV RIWHQ WKH RQO\ ZD\ WR
PDNHVXFKDVVHVVPHQW+RZHYHU WKHKXPDQ
HOHPHQWVLQYROYHGLQWURGXFHWKHSRWHQWLDOIRU
LQFRQVLVWHQF\ERWKEHWZHHQH[SHUWVDQGZLWKLQ
WKHH[SHUWVWKHPVHOYHV,QWKLVSDSHUZHVKRZ
KRZWKHRSLQLRQVRIH[SHUWVFDQEHHOLFLWHGDQG
PHDVXUHG DQG KRZ ZH FDQ DPHOLRUDWH DQG
PHDVXUHWKHHIIHFWVRIWKHLULQKHUHQWYDULDWLRQ
WKURXJKDJJUHJDWLRQWRSURGXFHDFRQVLVWHQWDQG
UHSHDWDEOHDVVHVVPHQW
 +RZVKRXOGZHYHULI\DQGYDOLGDWHVRIW
ZDUH V\VWHPV LQ WHUPV WKDW ZLOO SURYLGH
LQGLVSXWDEOHVFLHQWLILFHYLGHQFHWKDWWKH\
DUHVHFXUH"
:HFRQWHQGWKDWµLQGLVSXWDEOHHYLGHQFH¶RI
VHFXULW\LVQRWDSUDFWLFDOFRQFHSWLQWKHUHDO
ZRUOGDVQRV\VWHPFDQEHJXDUDQWHHGWREH
ZLWKRXWVHFXULW\ULVNVIRUDQ\OHQJWKRIWLPH
)XUWKHUPRUHZHDUJXHWKDWLQGHSHQGHQWPHD
VXUHGµSURYHQ¶H[SHUWRSLQLRQVKRXOGEHXVHGWR
YHULI\DQGYDOLGDWHVRIWZDUHV\VWHPV5HSHDWHG
VXFFHVVIXODVVHVVPHQWVE\F\EHUVHFXULW\H[SHUWV
SURYLGHWKHKLVWRULFDOVFLHQWLILFHYLGHQFHWKDW
WKHLURSLQLRQVDUHDYDOLGDQGSURYHQPHWKRG
RIDVVXULQJWKHVHFXULW\RIVRIWZDUHV\VWHPV
7KHMRERIVHFXULW\SUDFWLWLRQHUVLVWRPDNHDQ
LQIRUPHGMXGJHPHQWDVWRZKHWKHUWKHV\VWHPLV
VHFXUHGWRDQDSSURSULDWHGHJUHHIRUWKHWKUHDW
HQYLURQPHQWLWIDFHV
7KHZRUNGHVFULEHGLQWKLVSDSHUDGGUHVVHV
WZRNH\WRSLFVRILQWHUHVW0HDVXULQJ+XPDQ
)DFWRUVLQ6HFXULW\±,QWKHPHWKRGZHSUHVHQW
KXPDQ H[SHUWV DUH XVHG WR YDOLGDWH VRIWZDUH
V\VWHPV3HUFHSWLRQVRIVHFXULW\YDU\ERWKEH
WZHHQH[SHUWVDQGZLWKLQDQLQGLYLGXDOH[SHUW
2XU PHWKRG DOORZV XV WR H[SOLFLWO\ PHDVXUH
WKLVYDULDWLRQDQGSURGXFHDQDVVHVVPHQWWKDW
DFFRXQWVIRULW4XDQWLWDWLYH6HFXULW\0DQDJH
PHQW±7KHRXWFRPHRIWKHSURSRVHGPHWKRG
LV D TXDQWLILFDWLRQ RI H[SHUW RSLQLRQ RI WKH
VHFXULW\RIDV\VWHPLQFOXGLQJDPHDVXUHPHQW
RI XQFHUWDLQW\ 7KHVH YDOXHV FDQ EH XVHG WR
PDNHGHFLVLRQVUHJDUGLQJWKHLPSOHPHQWDWLRQ
RIDVRIWZDUHV\VWHPDQGWKHPDQDJHPHQWRI
LWVVHFXULW\IUDPHZRUN
,QWKHSURSRVHGPHWKRGZHXVHWZRGLI
IHUHQWW\SHVRIVXUYH\WRHOLFLWWKHRSLQLRQVRI
DJURXSRIVHFXULW\H[SHUWV7KHILUVWLQYROYHV
UDQNLQJDVHULHVRIWHFKQLFDODWWDFNVRQDV\VWHP
LQRUGHURIKRZGLIILFXOWWKH\DUHWRFDUU\RXW
XQGHWHFWHGE\WKHV\VWHPRULWVRSHUDWRUV7KH
VHFRQGUHTXLUHVH[SHUWVWRUDWHFRPSRQHQWVRI
DWWDFNVLQWHUPVRIDVSHFWVZKLFKDUHWKRXJKWWR
FRQWULEXWHWRWKHLURYHUDOOGLIILFXOW\,QSUDFWLFH
DV\VWHPLVRQO\DVVHFXUHDVLWVZHDNHVWHOH
PHQWLHWKHHDVLHVWZD\LQ,GHQWLI\LQJZKLFK
DUH WKHZHDNHVWDVSHFWVRIDV\VWHP LH WKH
µHDVLHVW¶ZD\VRIDWWDFNLQJLWLVWKXVDKLJKO\
UHOHYDQWFRPSRQHQWRIV\VWHPVHFXULW\DVVHVV
PHQWWKRXJKREYLRXVO\LWGRHVQRWSURYLGHDOO
RIWKHDQVZHUV
:HKDYHDSSOLHGWKHPHWKRGWRPHDVXUH
YDULDWLRQZLWKLQDVHWRIWKLUW\QLQHKLJKO\H[
SHULHQFHGH[SHUWSUDFWLWLRQHUVLQFOXGLQJV\VWHP
DQGVRIWZDUHDUFKLWHFWV VHFXULW\FRQVXOWDQWV
SHQHWUDWLRQ WHVWHUV YXOQHUDELOLW\ UHVHDUFKHUV
DQGVSHFLDOLVWV\VWHPVHYDOXDWRUV
7KLVSDSHUVKRZVKRZZHDUHDEOHWRXVH
H[SHUWRSLQLRQWRSURGXFHDFRQVLVWHQWDVVHVV
PHQWDQGLGHQWLI\RXWOLHUV:HDOVRGLVFXVVWKH
PHDQLQJRIWKHUHVXOWVDQGKRZWKHDSSURDFK
FRXOGEHDSSOLHGLQIXWXUHZRUN
0RWLYDWLRQ
'HVLJQLQJDQGDVVHVVLQJDVHFXUHV\VWHPVDU
FKLWHFWXUHLVDQLQFUHDVLQJO\FRPSOH[SUREOHP
GXH WR WKH GLYHUVLILFDWLRQ DQG H[SDQVLRQ RI
WHFKQRORJ\ZKLFKKDVWDNHQSODFHRYHUWKHODVW
IHZ\HDUV)RUH[DPSOHLQUHFHQW\HDUVWKHUH
KDV EHHQ D YDVW H[SDQVLRQ LQ XVH RI VKDUHG
FROODERUDWLYHVHUYLFHVDQGLQWKHXVHRIYLUWX
DOLVDWLRQWHFKQRORJLHVVXFKDVLQSURYLVLRQRI
,QWHUQDWLRQDO-RXUQDORI6HFXUH6RIWZDUH(QJLQHHULQJ-DQXDU\0DUFK
&RS\ULJKW,*,*OREDO&RS\LQJRUGLVWULEXWLQJLQSULQWRUHOHFWURQLFIRUPVZLWKRXWZULWWHQSHUPLVVLRQRI,*,*OREDOLVSURKLELWHG
FORXG VHUYLFHV$UFKLWHFWXUHV DUH PRUH IOXLG
DQGWKHUHDUHIHZHVWDEOLVKHGVHFXULW\PRGHOV
'HIHQVLYHVHFXULW\WHFKQRORJLHVKDYHDOVR
EHFRPHPRUHFRPSOH[DQG LQVRPHFDVHV LW
LVIDUIURPFOHDUZKDWDSURGXFWDFWXDOO\GRHV
RUKRZZHOOLWGRHVLWVMRE7UHQGVZKLFKKDYH
FRPSOLFDWHGWKHSLFWXUHLQFOXGHWKHJUHDWHUXVH
RIDIWHUWKHIDFWKHXULVWLFWHFKQLTXHVLQSURGXFWV
VXFKDVDQWLYLUXVRU,'6V\VWHPVWKHJUHDWHU
XVHRI LVRODWLRQ WHFKQLTXHVVXFKDVVDQGER[
LQJDQGFRPSOH[DJJUHJDWLRQDQGDQDO\VLVRI
REVHUYHGGDWDE\VHFXULW\YHQGRUV
7KUHDWDVVHVVPHQWKDVDOVREHFRPHPRUH
FRPSOH[ DV VRSKLVWLFDWHG DWWDFN WHFKQLTXHV
KDYHSUROLIHUDWHGYLDWRROVHWVDYDLODEOHRQWKH
,QWHUQHWSODFLQJVRSKLVWLFDWHGFDSDELOLW\LQWR
XQVRSKLVWLFDWHG KDQGV 7KHVH UDSLG FKDQJHV
PDNHLWGLIILFXOWIRUH[SHUWVWRPDNHFRQVLVWHQW
ZHOO IRXQGHG MXGJHPHQWV DERXW ZKDW VHFXUH
DUFKLWHFWXUHDQGGHVLJQSUDFWLFHVWRDGRSW
%$&.*5281'
:KLOHRWKHUVKDYHH[DPLQHGWKHDJJUHJDWLRQ
RI H[SHUWV¶ RSLQLRQV IRU VHFXULW\ DVVHVVPHQW
ZHDUHQRWDZDUHRIDQ\ZRUNWKDWDVVHVVHVWKH
YDULDWLRQ LQ VHFXULW\ H[SHUW GHFLVLRQ PDNLQJ
ZLWKUHJDUGWRUDQNLQJDWWDFNVE\GLIILFXOW\DQG
UDWLQJKRZGLIILFXOWLWLVWRFRPSURPLVHE\SDVV
WKHLUFRPSRQHQWV5HODWHGZRUNGHWDLOLQJWKH
DJJUHJDWLRQRIH[SHUWV¶RSLQLRQVIRUVHFXULW\DV
VHVVPHQWVZLOOEHGHVFULEHGDVWKLVWDVNVKDUHV
PDQ\VLPLODULWLHVZLWKWKHSUREOHPDGGUHVVHG
E\WKHSURSRVHGPHWKRG
7DQDQG/LSURSRVHDFRPELQDWLRQ
RI $QDO\WLFDO +LHUDUFK\ 3URFHVV $+3 DQG
LQIRUPDWLRQHQWURS\IRUUHSUHVHQWLQJJURXSGHFL
VLRQPDNLQJZKHQDVVHVVLQJVHFXULW\ULVNV$+3
6DDW\LVDPHWKRGRIGHFLVLRQPDNLQJ
WKDWLQYROYHVEUHDNLQJSUREOHPVGRZQLQWRD
KLHUDUFK\RIPRUHPDQDJHDEOHSUREOHPVZKLFK
DUHWKHQFRPSDUHGWRDVVLJQDUHODWLYHZHLJKWLQJ
DQGDVVHVVHGLQGLYLGXDOO\7KHQDOHYHORIULVN
IRUWKHRYHUDOOSUREOHPLVFDOFXODWHGXVLQJWKH
LQGLYLGXDODVVHVVPHQWVDQGZHLJKWLQJV,QWKLV
FDVHH[SHUWV¶ZHLJKWLQJVDUHFDOFXODWHGXVLQJ
LQIRUPDWLRQHQWURS\ZKLFKWDNHVLQWRDFFRXQW
WKHLUSURIHVVLRQDOVWDWXVDQGWKHFUHGLELOLW\RI
WKHLUVXEPLWWHGRSLQLRQ7KHLURSLQLRQVDUHDJ
JUHJDWHGXVLQJDSURFHVVLQYROYLQJDZHLJKWHG
JHRPHWULFPHDQWKDWSURGXFHVDQRYHUDOORSLQ
LRQ7KHDXWKRUVSURYLGHDQH[DPSOHVKRZLQJ
KRZWKUHHH[SHUWV¶RSLQLRQVRIWKHOHYHORIULVN
SRVHGE\DVHWRIVHFXULW\WKUHDWVDUHFRPELQHG
XVLQJWKHSURSRVHGPHWKRG
$PHWKRGSURSRVHGE\&KDQXVHV
D%D\HVLDQLQGH[WRFRPELQHH[SHUWV¶RSLQLRQV
RIVHFXULW\ULVNLQWRRQHLQIRUPDWLRQVHFXULW\
,6ULVNPRGHO%D\HVLDQPRGHOVSURYLGHWKH
PHDQV WRFRPSXWH WKHSUREDELOLW\RIKLJKRU
ORZ LQIRUPDWLRQ ULVN EDVHG RQ D VHW RI ULVN
LQGLFDWRUV,QWKLVVWXG\HOHYHQH[SHUWVFUHDWHG
DOLVWRIVHFXULW\ULVNLQGLFDWRUVDQGDVVLJQHG
ZHLJKWVWRWKHP7KHUHVXOWLQJ%D\HVLDQPRGHO
ZDVYDOLGDWHGZLWKIRUW\RQHFRPSDQLHVHDFK
RIZKLFKFRPSOHWHGDVXUYH\UHJDUGLQJWKHLU,6
SURWHFWLRQPHDVXUHVDQGWKHRFFXUUHQFHRI,6
LQFLGHQWVGXULQJWKHSDVWWZR\HDUV7KHUHVXOWV
VKRZWKDWWKHUHZDVKLJKFRUUHODWLRQEHWZHHQ
WKHFRPSDQLHV¶%D\HVLDQLQGH[HVDQGH[SHUWV¶
MXGJHPHQWV
*R\HWWHDQG.DUPRXFKSURSRVHD
PHWKRGRIDVVHVVLQJWKHVHFXULW\RIYLUWXDOQHW
ZRUNV7KLVLVDSDUWLFXODUO\SUREOHPDWLFDUHDRI
LQIRUPDWLRQVHFXULW\DVVHUYLFHSURYLGHUVGRQRW
KDYHGHWDLOVRIWKHSK\VLFDOLQIUDVWUXFWXUHRYHU
ZKLFKWKHYLUWXDOQHWZRUNRSHUDWHV$FRPEL
QDWLRQRI'HPSVWHU6KDIHUWKHRU\'HPSVWHU
DQG0$&%(7+0HDVXULQJ$WWUDFWLYH
QHVVE\D&DWHJRULFDO%DVHG(YDOXDWLRQ7HFK
QLTXHDUHXVHGWRSURYLGHWKHPHDQVIRUH[SHUWV
WRPDNHDV\QFKURQRXVFRQWULEXWLRQVWRDQ,6
PRGHO 'HPSVWHU6KDIHU WKHRU\ LV D PHWKRG
RIFRPELQLQJHYLGHQFHIURPPXOWLSOHVRXUFHV
WRSURGXFHDGHJUHHRIEHOLHIDERXWDTXHVWLRQ
DQG0$&%(7+LVDGHFLVLRQPDNLQJWRROXVHG
E\DJURXSRIH[SHUWVWRUDQNDOWHUQDWLYHVWKDW
GHSHQGXSRQPXOWLSOHFULWHULD([SHUWVVXEPLW
WKHLURSLQLRQVWKURXJKDVHULHVRITXHVWLRQVDQG
DFRQILGHQFHLQGH[LQWKHLUDQVZHUV7KHH[SHUWV¶
RSLQLRQVDUHDJJUHJDWHGXVLQJ'HPSVWHU6KDIHU
WKHRU\WRSURGXFHDVHWRIGHJUHHVRIEHOLHI7KH
DXWKRUVGHPRQVWUDWHWKHPRGHOZLWKDQXPHUL
FDOH[DPSOHLQYROYLQJILYHH[SHUWVZKHUHWKHLU
RSLQLRQVRQRQHYDOXHMXGJHPHQWDUHIXVHGLQ
,QWHUQDWLRQDO-RXUQDORI6HFXUH6RIWZDUH(QJLQHHULQJ-DQXDU\0DUFK
&RS\ULJKW,*,*OREDO&RS\LQJRUGLVWULEXWLQJLQSULQWRUHOHFWURQLFIRUPVZLWKRXWZULWWHQSHUPLVVLRQRI,*,*OREDOLVSURKLELWHG
DZD\WKDWGRHVQRWUHTXLUHWKHH[SHUWVWREHLQ
WKHVDPHSK\VLFDOORFDWLRQRULQGHHGVXEPLW
WKHLURSLQLRQVDWWKHVDPHWLPH
6HFXUHV\VWHPVGHVLJQLVDSUREOHPZLWK
LQKHUHQWO\KLJKOHYHOVRIXQFHUWDLQW\)RUH[
DPSOHWKHSRWHQWLDOYXOQHUDELOLWLHVRISURGXFWV
DQGKRZWKH\PD\HYROYHRYHUWLPHPXVWEH
HVWLPDWHG 3RWHQWLDO QHZ DWWDFNV LQFOXGLQJ
SUHYLRXVO\XQVHHQFDWHJRULHVRIDWWDFNVPXVW
DOVREHHVWLPDWHG±DQGWKLVPD\EHRYHUORQJ
WLPHVFDOHVLIFRQVLGHULQJWKHVHUYLFHOLIHRIWKH
V\VWHP)X]]\/RJLF=DGHKLVSDUWLFX
ODUO\ZHOOVXLWHGWRWDVNVRIWKLVQDWXUHDVLWDOORZV
XVWRPRGHOWKHXQFHUWDLQW\WKDWLVSUHVHQWLQ
LQIRUPDWLRQV\VWHPVVHFXULW\SUREOHPVDQGWKH
H[SHUWVZKRPDNHGHFLVLRQVUHJDUGLQJWKHP$
YDULHW\RIPHWKRGVEDVHGRQIX]]\WHFKQLTXHV
KDYHEHHQDSSOLHG LQDUHDVFORVHO\UHODWHG WR
WKDWEHLQJDGGUHVVHGLQWKLVSDSHU
$PHWKRGRIULVNDQDO\VLVWKDWXVHVVLPLODU
LW\PHDVXUHVZLWKIX]]\VHWVLVSURSRVHGE\&KHQ
DQG&KHQ 6HFXULW\ ULVNVRI D V\VWHP
FRPSRQHQWDUHUDWHGE\ORRNLQJDWWKHULVNRI
IDLOXUHRIHDFKRILWVVXEFRPSRQHQWVDQGWKH
VHYHULW\RIORVLQJWKHP([SHUWVUDWHHDFKVXE
FRPSRQHQWXVLQJOLQJXLVWLFWHUPVUHSUHVHQWHG
E\IX]]\VHWVDQGRYHUDOOULVNIRUDFRPSRQHQW
LVFRPSXWHGXVLQJDZHLJKWHGDYHUDJHRIWKH
ULVNVDVVRFLDWHGZLWKWKHVXEFRPSRQHQWV7KH
UHVXOWRIWKHDYHUDJLQJSURFHVVDIX]]\VHWLV
WKHQFRPSDUHGWRQLQHOLQJXLVWLFWHUPVXVLQJ
D VLPLODULW\ PHDVXUH7KH PRVW VLPLODU WHUP
LVVHOHFWHGWRGHVFULEHWKHULVNIRUWKHFRPSR
QHQW$QH[DPSOHVKRZVKRZPXOWLSOHH[SHUWV¶
RSLQLRQVDORQJZLWKWKHLUGHJUHHRIFRQILGHQFH
LQWKHLUDVVHVVPHQWVFDQEHXVHGWRSURGXFHDQ
RYHUDOOULVNDVVHVVPHQWIRUDFRPSRQHQW7KH
PHWKRGLVVKRZQWREHDVXLWDEOHPHWKRGRIDJ
JUHJDWLQJULVNVDVVRFLDWHGZLWKVXEFRPSRQHQWV
E\PXOWLSOHH[SHUWVWRIRUPDJURXSRSLQLRQRI
DQHQWLUHV\VWHP
,Q*DULEDOGLDQG2]HQWKHDXWKRUV
SURSRVHWKHXVHRIµQRQVWDWLRQDU\¶IX]]\UHDVRQ
LQJWRPRGHOWKHYDULDWLRQLQH[SHUWGHFLVLRQ
PDNLQJLQDPHGLFDOFDVHVWXG\1RQVWDWLRQDU\
IX]]\ V\VWHPV LQWURGXFH VPDOO YDULDWLRQV WR
WKHPRGHORYHUWLPHPLPLFNLQJWKHWHPSRUDO
YDULDWLRQIRXQGLQWKHRSLQLRQVRIUHDOZRUOG
H[SHUWV7KLVZRUNEXLOGVRQZRUNLQZKLFKD
VWDQGDUGIX]]\V\VWHPLVXVHGWRPRGHOPHGLFDO
H[SHUWV¶RSLQLRQLQWKHFRQWH[WRIXPELOLFDODFLG
EDVHDQDO\VLVZKHUHE\SURSHUWLHVRIEORRGWDNHQ
IURPWKHXPELOLFDOFRUGDIWHUFKLOGELUWKDUHXVHG
WRGHWHUPLQHWKHKHDOWKRIDQHZERUQFKLOG$
VHWRIUXOHVIRUWKHV\VWHPZDVFUHDWHGWKURXJK
FRQVXOWDWLRQZLWKH[SHUWVDQGWKHV\VWHPZDV
WXQHGXVLQJWKHH[SHUWV¶MXGJHPHQWV)LIW\FDVHV
WKDWZHUHVDLGWREHGLIILFXOWWRLQWHUSUHWZHUH
VHOHFWHGIURPDGDWDEDVHRIWHQWKRXVDQGFDVHV
DQGHDFKH[SHUWZDVDVNHGWRUDQNWKHPLQRUGHU
IURPµZRUVW¶WRµEHVW¶LQWHUPVRIKHDOWK7KH
VWDQGDUGIX]]\H[SHUWV\VWHPZDVWKHQXVHGWR
SURGXFHVFRUHVIRUHDFKRIWKHILIW\FDVHVDO
ORZLQJDUDQNLQJWREHSURGXFHGIRUFRPSDULVRQ
ZLWK WKHH[SHUWV¶ UDQNLQJV7KH UHVXOWV VKRZ
WKDWWKHUDQNLQJSURGXFHGE\WKHIX]]\H[SHUW
V\VWHPZDVYHU\FORVHWRWKDWSURGXFHGE\WKH
H[SHUWV)ROORZLQJWKLVWKHDXWKRUVVKRZWKDW
E\ LQWURGXFLQJ YDULDWLRQ LQWR WKH PRGHO WKH
YDULDWLRQZLWKLQDVLQJOHH[SHUWRYHUWLPHDQG
EHWZHHQDJURXSRIH[SHUWVFDQEHPRGHOOHG
ZLWK DQ DSSURDFK WKDW GRHV QRW SURGXFH WKH
VDPHDQVZHUHYHU\WLPHGHVSLWHWKHVDPHLQSXW
6HQGL HW DO  SURSRVH WKH XVH RI
)(05$)X]]\([SHUW0RGHOIRU5LVN$VVHVV
PHQWDV\VWHPWKDWUHSUHVHQWVWKHNQRZOHGJHRI
H[SHUWVDQGXVHVDIX]]\UXOHEDVHWRSURGXFHD
QXPHULFYDOXHUHSUHVHQWLQJULVN$OLVWRIDVVHWV
DQG WKUHDWVZHUH LGHQWLILHGDQG WKUHHH[SHUWV
ZHUHDVNHGWRUDWHWKHTXDOLWLHVµ&RQILGHQWLDOLW\¶
µ,QWHJULW\¶DQGµ$YDLODELOLW\¶LQWKHUDQJH>@$
OLVWRIYXOQHUDELOLWLHVZDVWKHQFUHDWHGDQGXVHG
ZLWKWKHOLVWRIDVVHWVDQGWKUHDWVWRFUHDWHDOLVW
RIULVNV$VVHWYDOXHVYXOQHUDELOLW\HIIHFWVDQG
WKUHDWHIIHFWVZHUHUDWHGE\WKHH[SHUWVWKHQWKH
IX]]\PRGHOWRRNWKHVHYDOXHVDQGFRQYHUWHG
HDFKRIWKHPLQWRRQHRIWKUHHIX]]\VHWVµ/RZ¶
µ0HGLXP¶DQGµ+LJK¶$UXOHEDVHZDVFUHDWHG
ZKLFKDOORZHGWKHFRPELQDWLRQRI WKHVHVHWV
WRSURGXFHDQRXWSXWVHWGHWHUPLQLQJULVN7KH
ILQDORXWSXWRIWKHV\VWHPLVDQLQGH[RIULVN
YDOXH SURGXFHG E\ µGHIX]]LI\LQJ¶ WKH RXWSXW
VHWWKDWFDQEHXVHGE\PDQDJHUVWRGHFLGHRQ
WKHDSSURSULDWHDFWLRQWREHWDNHQ
)HQJDQG/LSXWIRUZDUGDQ,QIRU
PDWLRQ6\VWHPV6HFXULW\,66ULVNDVVHVVPHQW
,QWHUQDWLRQDO-RXUQDORI6HFXUH6RIWZDUH(QJLQHHULQJ-DQXDU\0DUFK
&RS\ULJKW,*,*OREDO&RS\LQJRUGLVWULEXWLQJLQSULQWRUHOHFWURQLFIRUPVZLWKRXWZULWWHQSHUPLVVLRQRI,*,*OREDOLVSURKLELWHG
PRGHOWKDWXVHVIX]]\VHWVWRUHSUHVHQWWKHGH
JUHHRIEHOLHIIRUDVWDWHPHQWEDVHGRQFXUUHQW
HYLGHQFH7KHPRGHOLVGHPRQVWUDWHGXVLQJD
UHDOZRUOG FDVH VWXG\RI D&KLQHVH ILQDQFLDO
VHUYLFH¶VLQIRUPDWLRQV\VWHPV6L[H[SHUWVUDWHG
WKHVWUHQJWKRIWKHHYLGHQFHLQWKLVFDVHFRP
SRQHQWVHIIHFWVRIULVNVZKLFKDUHUHSUHVHQWHG
XVLQJIX]]\VHWV)RUFRPSDULVRQWKUHHRWKHU
DSSURDFKHVZHUHWHVWHG)X]]\&RPSUHKHQVLYH
(YDOXDWLRQ)&(%D\HVLDQ1HWZRUNV%1V
DQG WUDGLWLRQDO 'HPSVWHU6KDIHU WKHRU\ 7KH
DXWKRUVVWDWHWKDWWKHLUPHWKRGLVDQLPSURYH
PHQWRYHUWKHRWKHUPHWKRGVWHVWHGDVLWUHGXFHV
WKHXQFHUWDLQW\LQKHUHQWLQFRQIOLFWLQJHYLGHQFH
SURYLGHGE\PXOWLSOHH[SHUWV
:XHWDOGHPRQVWUDWHDQLPSURYHG
YHUVLRQRI$+3EDVHGRQIX]]\VHWVWREHXVHG
IRUULVNDVVHVVPHQWRILQIRUPDWLRQV\VWHPV7ZR
KLHUDUFKLHV DUH FRQVWUXFWHG DV LQ WUDGLWLRQDO
$+3RQHUHSUHVHQWLQJWKHSUREDELOLW\RIDQ
LQFLGHQWDFRPELQDWLRQRIWKUHDWVDQGYXOQHU
DELOLWLHVWKHRWKHUUHSUHVHQWLQJWKHLPSDFWRI
DQLQFLGHQWDFRPELQDWLRQRIUHFRYHU\FRVWVDQG
VHYHULW\([SHUWVDUHDVNHGWRUDWHWKHIDFWRUV
DWWKHERWWRPRIWKHKLHUDUFKLHVWKHLURSLQLRQV
DUHUHSUHVHQWHGXVLQJIX]]\VHWV7KHVHRSLQ
LRQVDUHWKHQFRPELQHGWRFRPSOHWHWKH$+3
SURGXFLQJDULVNYHFWRU$QH[DPSOHLVJLYHQLQ
ZKLFKWKUHHH[SHUWVDVVHVVWKHIDFWRUVLGHQWLILHG
LQDKLHUDUFK\DQGWKHVHRSLQLRQVDUHFRPELQHG
WRSURGXFHDFRPSUHKHQVLYHIX]]\MXGJHPHQW
PDWUL[7KH HOHPHQWV RI WKH PDWUL[ DUH WKHQ
ZHLJKWHGDQGXVHGWRSURGXFHDULVNYHFWRU
)X]]\VHWVDUHXVHGIRULQIRUPDWLRQVHFXULW\
ULVNDVVHVVPHQWLQUHVHDUFKFDUULHGRXWE\)X
HWDO7KUHHFDWHJRULHV$VVHW7KUHDW
DQG 6XUYLYDELOLW\ 9XOQHUDELOLW\ DUH UDWHG
E\H[SHUWVXVLQJQLQHOLQJXLVWLFYDULDEOHVWKDW
TXDQWLI\WKHULVNHJµYHU\OLWWOH¶ORVVRUµYHU\
KLJK¶ WKUHDW WKH H[SHUWV¶ RSLQLRQV DUH WKHQ
DJJUHJDWHGXVLQJWKH'HOSKLPHWKRG/LQVWRQH
	7XURII7KH'HOSKLPHWKRGLQYROYHV
JDWKHULQJ H[SHUWV¶ RSLQLRQV LQ D QXPEHU RI
URXQGV$IWHUHDFKURXQGDQDQRQ\PRXVVXP
PDU\RIWKHH[SHUWV¶RSLQLRQVDQGUHDVRQLQJLV
VKRZQDQGWKHH[SHUWVDUHDVNHGDJDLQIRUWKHLU
RSLQLRQ7KHLGHDLVWKDWH[SHUWVPD\UHYLVHWKHLU
RSLQLRQVLQOLJKWRIWKHLUFROOHDJXHV¶RSLQLRQV
DQG UHDVRQLQJ 7KH WHFKQLTXH VWRSV ZKHQ D
SUHGHILQHG FULWHULD LV PHW HJ QXPEHU RI
URXQGVFRQVHQVXVUHDFKHG$QRYHUDOOIX]]\
QXPEHULVSURGXFHGXVLQJDOORIWKHFDWHJRULHV
RIULVNZKLFKLVWKHQGHIX]]LILHGWRSURGXFHD
ULVNLQGH[$QH[DPSOHVKRZVKRZWKHPHWKRG
ZRUNVLQZKLFKWKHRSLQLRQVRIWKUHHH[SHUWV
DUHXVHGWRFDOFXODWHDGHVFULSWLRQRIULVNIRUD
V\QWKHWLFV\VWHP
0(7+2'2/2*<
$NH\SDUWRIWKLVUHVHDUFKLVWKHHOLFLWDWLRQRI
RSLQLRQVIURPDJURXSRIF\EHUVHFXULW\H[SHUWV
DERXWKRZGLIILFXOWLWLVWRFRPSOHWHDWWDFNVDQG
FRPSURPLVHE\SDVV FRPSRQHQWV IRU D JLYHQ
V\VWHPGHVLJQ7KHRSLQLRQVDUHWKHQXVHGWR
SURGXFHDFRQVLVWHQWPHDVXUHPHQW
2XUSDUWQHUVKLSZLWK&(6*JLYHVXVDOHYHO
RIDFFHVVWRVXFKH[SHUWVWKDWZRXOGEHGLIILFXOW
WRDWWDLQRWKHUZLVH$VWKH1DWLRQDO7HFKQLFDO
$XWKRULW\IRU,QIRUPDWLRQ6HFXULW\LQWKH8.
&(6*KDVDFFHVVWRDFDGUHRIVSHFLDOLVWVHFXULW\
DUFKLWHFWVDQGRWKHUWHFKQLFDOVHFXULW\H[SHUWV
DQGFDQGUDZRQERWKSXEOLFDQGSULYDWHVHFWRU
H[SHUWLVH
7KHPHWKRGRORJ\ZDVWHVWHGLQVFHQDULRV
LQYROYLQJH[SHUWDQDO\VLVRIIDFWRUVUHODWLQJWR
DWWDFNLQJDV\VWHP¶VDUFKLWHFWXUH7KUHHNQRZO
HGJHH[WUDFWLRQH[HUFLVHVZHUHSHUIRUPHG7KH
IROORZLQJVHFWLRQVGHVFULEHWKHLQLWLDOH[HUFLVH
D IROORZXSSURWRW\SHH[HUFLVHDQG WKHPDLQ
H[HUFLVHUHVSHFWLYHO\
,QLWLDO([HUFLVH
7KH SXUSRVH RI WKH LQLWLDO H[HUFLVH ZDV WR
GHYHORSDVFHQDULRFRQVLVWLQJRIDV\VWHPWR
JHWKHUZLWKYDULRXVPHWKRGVYXOQHUDELOLWLHV
DWWDFNVUHDOLVWLFHQRXJKWRSHUPLWUHDVRQHG
DVVHVVPHQW ZKLOH EHLQJ GLIILFXOW WR DVVHVV
IXOO\HYHQE\OHDGLQJH[SHUWV$VFHQDULRZDV
FUHDWHGE\DVHQLRUPHPEHURI&(6*WHFKQLFDO
VWDII WKDW LV GHVLJQHG WR EH UHSUHVHQWDWLYH RI
DIDLUO\PDLQVWUHDPJRYHUQPHQWV\VWHP7KH
V\VWHPLQYROYHVDUDQJHRIFRUHVHUYLFHVDQG
EDFNHQGRIILFHIDFLOLWLHVWRJHWKHUZLWKUHPRWH
VLWHV DQG PRELOH DFFHVV &RUH V\VWHPV KROG
,QWHUQDWLRQDO-RXUQDORI6HFXUH6RIWZDUH(QJLQHHULQJ-DQXDU\0DUFK
&RS\ULJKW,*,*OREDO&RS\LQJRUGLVWULEXWLQJLQSULQWRUHOHFWURQLFIRUPVZLWKRXWZULWWHQSHUPLVVLRQRI,*,*OREDOLVSURKLELWHG
WKHPRVWVHQVLWLYHEXVLQHVVLQIRUPDWLRQZLWK
DVVHWVUDWHGLQWHUPVRIWKHLUYDOXHDW%XVLQHVV
,PSDFW/HYHO%,/IROORZLQJWKHVWDQGDUG
8.JRYHUQPHQWVFKHPH&(6*7KLV
VFDOHUDWHVWKHLPSDFWRIDQHYHQWIURP%,/
QRFRQVHTXHQFHVWR%,/FDWDVWURSKLF
6L[ WHFKQLFDO H[SHUWV IURP &(6* ZHUH
SUHVHQWHGZLWKWKHVFHQDULRWKHFUHDWRURIWKH
VFHQDULRGHVFULEHGWKHV\VWHPLQGHWDLOVKRZ
LQJGLDJUDPVRIYDULRXVDVSHFWVRIWKHV\VWHP
DQGDQVZHULQJH[SHUWV¶TXHVWLRQV7KHJURXS
WKHQFDUULHGRXWDPRFNVHFXULW\UHYLHZRIWKH
DUFKLWHFWXUHDWDVNKLJKO\IDPLOLDUWRWKHP$VD
JURXSWKH\ZHUHWKHQFKDOOHQJHGWRLGHQWLI\WHQ
GLIIHUHQWZD\VRIPRXQWLQJDQHQGWRHQGDWWDFN
RQWKHV\VWHPLGHQWLI\LQJDOOLQGLYLGXDODWWDFN
HOHPHQWVLQYROYHG7KHHQGWRHQGDWWDFNVDUH
WHUPHGµDWWDFNYHFWRUV¶$9VDQGLQGLYLGXDO
HOHPHQWVDUHWHUPHGµKRSV¶2QFHDVHWRIWHQ$9V
KDGEHHQHVWDEOLVKHGWKHH[SHUWVZHUHDVNHG
WRUDQNWKHPIURPRQHWRWHQLQRUGHURIKRZ
GLIILFXOWHDFKZDVWRFDUU\RXWXQGHWHFWHG7KLV
ZDVGRQHZLWKRXWWKHH[SHUWVFRPPXQLFDWLQJ
ZLWKRQHDQRWKHUWRHQVXUHWKDWHDFKLQGLYLGXDO
JDYHWKHLURSLQLRQZLWKRXWRXWVLGHLQIOXHQFH
(YHQZLWKWKHH[SHUWV¶LQGHSWKNQRZOHGJHRI
LQIRUPDWLRQVHFXULW\WKLVZDVDWDVNZLWKDIDLU
GHJUHHRIXQFHUWDLQW\DVPXFKRIWKHGHWDLOUH
TXLUHGWRSUHFLVHO\DVVHVVGLIILFXOW\ZDVDEVHQW
)RUH[DPSOHQRLQIRUPDWLRQZDVSURYLGHGDERXW
WKHH[DFWVRIWZDUHDQGKDUGZDUHEHLQJXVHGLQ
WKHSURSRVHGV\VWHP3DUWLFLSDQWVZHUHDVNHGWR
DVVXPHWKDWLWZDVRIWKHW\SLFDOVWDQGDUGWKDW
ZRXOGEHXVHGLQDJRYHUQPHQWV\VWHPRIWKLV
W\SH$OORIWKHH[SHUWVLQYROYHGLQWKHH[HUFLVH
UHJXODUO\ZRUNZLWK8.JRYHUQPHQW%,/V\V
WHPVDQGVRDUHDZDUHRIDVVRFLDWHGVHFXULW\
SROLF\DQGKRZLWLVW\SLFDOO\DSSOLHGWRVXFK
V\VWHPVLQWHUPVRIFRPSRQHQWFRQILJXUDWLRQ
IUHTXHQF\ RI DQWLYLUXV XSGDWHV HWF +DYLQJ
UDQNHGWKHWHQ$9VWKHWHFKQLFDOH[SHUWVZHUH
WKHQDVNHGWRUDWHHDFKRIWKHKRSVE\GLIILFXOW\
HLWKHUµORZ¶µPHGLXP¶RUµKLJK¶DQGUDWHWKHLU
FRQILGHQFHLQWKHLUDQVZHUDVµORZ¶µPHGLXP¶
RUµKLJK¶DJDLQWKLVZDVFRQGXFWHGLQLVRODWLRQ
7KHFRQILGHQFHUDWLQJZDVSURYLGHGWRDOORZ
WKHH[SHUWVWRVKRZXQFHUWDLQW\LQWKHLUDQVZHU
ZKHWKHULWLVFDXVHGE\DODFNRIFODULW\LQWKH
VFHQDULRKRSGHVFULSWLRQDODFNRINQRZOHGJH
RIDSDUWLFXODUWHFKQRORJ\HJFU\SWRJUDSK\
RURWKHUVRXUFHVRIXQFHUWDLQW\
'DWD$QDO\VLV
+DYLQJ FROOHFWHG WKHGDWD DQDO\VLVZDVSHU
IRUPHG WR H[DPLQH WKH YDULDWLRQ LQ RSLQLRQ
ZLWKLQWKHJURXS7KLVVHFWLRQFRQWDLQVWKHRXW
FRPHRIWKHGDWDDQDO\VLVDFWLYLW\IRUWKLVLQLWLDO
H[HUFLVH,Q7DEOHHDFKH[SHUWLVFRPSDUHG
WRWKHJURXSUHVSRQVHSURGXFHGE\WDNLQJWKH
DYHUDJHUDQNLQJRIHDFK$9DQGVRUWLQJWKHP
LQWR DVFHQGLQJRUGHU7KHGLIIHUHQFH FROXPQ
VKRZVWKHGLVWDQFHEHWZHHQHDFKH[SHUW¶VUDQN
LQJDQGWKHJURXSUDQNDQG6SHDUPDQ¶VUKRLV
XVHGWRFRPSDUHHDFKH[SHUW¶VUDQNRUGHUZLWK
WKHJURXSUDQNRUGHU)LQDOO\.HQGDOO¶V:LV
XVHG WR FRPSXWH WKH UDQN FRUUHODWLRQ ZLWKLQ
WKHJURXSRI DOO VL[ H[SHUWV6SHDUPDQ¶V UKR
PHDVXUHVWKHVWDWLVWLFDOGHSHQGHQFHRIWZRVHWV
RIUDQNLQJVFRUUHODWLRQLVPHDVXUHGRQDVFDOH
IURPSHUIHFWQHJDWLYHFRUUHODWLRQWKURXJK
QRFRUUHODWLRQWRSHUIHFWSRVLWLYHFRUUHOD
WLRQ.HQGDOO¶V:LVDVLPLODUPHDVXUHXVHGWR
FDOFXODWHWKHDJUHHPHQWEHWZHHQUDQNLQJVIURP
DJURXSRISHRSOHSURGXFLQJYDOXHVIURPQR
DJUHHPHQWWRFRPSOHWHDJUHHPHQW7KHVH
FRUUHODWLRQPHDVXUHVDUHSDUWLFXODUO\XVHIXOLQ
FDVHV OLNH WKHRQHGHVFULEHGKHUHZKHUHZH
7DEOH,QLWLDOH[HUFLVH$9UDQNLQJ
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&RS\ULJKW,*,*OREDO&RS\LQJRUGLVWULEXWLQJLQSULQWRUHOHFWURQLFIRUPVZLWKRXWZULWWHQSHUPLVVLRQRI,*,*OREDOLVSURKLELWHG
DUHZRUNLQJZLWKDVHWRIVXEMHFWLYHUDQNLQJV
SURGXFHGE\KXPDQV
7KH UHVXOWV VKRZ WKDW WKHUH LV D FOHDU
SRVLWLYH FRUUHODWLRQ EHWZHHQ WKH LQGLYLGXDO
UDQNLQJVDQGWKHJURXSUDQNDQGWKDWWKHUHLV
D VWURQJ FRUUHODWLRQ EHWZHHQ WKH LQGLYLGXDOV
WKHPVHOYHV,QRUGHUWRGHWHUPLQHZKHWKHUWKH
DYHUDJLQJ SURFHVVHV LQYROYHG ZRXOG DOZD\V
UHVXOWLQDKLJKOHYHORIFRUUHODWLRQDUDQGRP
VHWRIUDQNLQJVZDVSURGXFHG)RUFRPSDULVRQ
7DEOHVKRZVWKHUHVXOWRIWKHVDPHSURFHVV
XVLQJUDQGRPUDQNLQJVZKLFKVKRZWKDW WKH
FRUUHODWLRQ LV VLJQLILFDQWO\ ZRUVH WKDQ WKDW
SURGXFHGE\WKHH[SHUWV
)LJXUHVKRZVWKHDJUHHPHQWZLWKLQWKH
JURXSWKH[D[LVUHSUHVHQWVWKHDYHUDJHUDQNLQJ
IRUWKHVHWRIDOOH[SHUWVDQGHDFKRIWKHFRU
UHVSRQGLQJ H[SHUWV¶ UDQNV DUH VKRZQ RQ WKH
\D[LV7KHKHLJKWRIWKHFROXPQVGHQRWHVKRZ
PDQ\H[SHUWVDVVLJQHGDSDUWLFXODUUDQNLQJWR
DQ$9$JDLQIRUFRPSDULVRQ)LJXUHVKRZV
WKHUHVXOWRIDJURXSRIUDQGRPUDQNLQJV
7KH UHVXOWV RI WKLV LQLWLDO H[HUFLVH VKRZ
WKDWZKLOHWKLVJURXSRIH[SHUWVPD\KDYHGLI
IHUHQW DUHDV RI H[SHUWLVH DQG WKH VFHQDULR
FRQWDLQVRPLVVLRQVDQGXQFHUWDLQWLHVWKHUDQN
LQJVSURGXFHGE\WKHH[SHUWVKDYHDKLJKGHJUHH
RIFRUUHODWLRQVXJJHVWLQJWKDWWKHUHLVDFRQ
VHQVXVDERXWZKLFK$9VDUHPRUHGLIILFXOWWKDQ
RWKHUV7KHFRPSDULVRQZLWKUDQGRPUDQNLQJV
VKRZV WKDW WKLV OHYHO RI DJUHHPHQW LV QRW DQ
DUWHIDFWRIWKHDYHUDJLQJSURFHVV7KHVHILQGLQJV
ZHUH WDNHQ LQWR FRQVLGHUDWLRQZKHQFUHDWLQJ
WKHPDLQH[HUFLVHZKLFKLQFOXGHVDODUJHUDQG
PRUHGLVSDUDWHJURXSRIH[SHUWVWKHDLPEHLQJ
WRH[SORUHKRZGHFLVLRQPDNLQJYDULHVZLWKLQ
DQGEHWZHHQJURXSVRILQGLYLGXDOVIURPGLIIHU
HQWSDUWVRIWKHF\EHUVHFXULW\FRPPXQLW\
352727<3((;(5&,6(
$OWKRXJKWKHSUHYLRXVVWXG\VKRZVWKDWXVLQJ
WKHH[SHUWV¶$9UDQNLQJVZHFDQGHPRQVWUDWH
WKDW WKHUH LVDFRQVHQVXVRIRSLQLRQZKHQLW
FRPHVWRWKHKRSGDWDZHDUHXQDEOHWRSHUIRUP
DGHWDLOHGDQDO\VLV7KLVLVEHFDXVHIRUHDFKKRS
H[SHUWVKDYHRQO\WKUHHSRVVLEOHDQVZHUVPDN
LQJDQ\DQDO\VLVODFNWKHOHYHORIGHWDLOUHTXLUHG
WRSURGXFHDPHDQLQJIXOUHVXOW
7RDGGUHVVWKLVDQRYHODSSURDFKWRFDSWXU
LQJH[SHUWRSLQLRQDQGH[SUHVVLQJVXEMHFWLYH
XQFHUWDLQW\ZDVGHYLVHGWKDWDOORZVSDUWLFLSDQWV
WRPDNHDPRUHGHWDLOHGGLIIHUHQWLDWLRQEHWZHHQ
KRSV¶GLIILFXOWLHVDQGWKHLUFHUWDLQW\7KHUHDUH
DQXPEHURI UHDVRQV WKDWDQH[SHUWFRXOGEH
XQFHUWDLQLQWKHLUDQVZHULQFOXGLQJ
 7KHLQGLYLGXDOLVQRWIDPLOLDUZLWKDSDU
WLFXODUWHFKQRORJ\
 7KHLQKHUHQWXQFHUWDLQW\FDXVHGE\LQVXI
ILFLHQWGHWDLOLQWKHVFHQDULRHJSUHFLVH
FRPSRQHQWDQGIUHTXHQF\RISDWFKLQJQRW
VSHFLILHG LQ VRPH FDVHV WKLV ZLOO PDNH
OLWWOHGLIIHUHQFHZKLOHLQRWKHUVLWFRXOGEH
VLJQLILFDQW
 7KH LQGLYLGXDO¶V SHUVRQDOLW\ HJ WKH\
PD\EHQDWXUDOO\FDXWLRXVDERXWPDNLQJD
SUHFLVHSUHGLFWLRQ
([SHUWVJDYHWKHLUDQVZHUVDVDQLQWHUYDO
RQDVFDOHRIWR7KLVZDVGRQHE\GUDZLQJ
DQHOOLSVHDVVKRZQLQ)LJXUHZKLFKVKRZVDQ
H[DPSOHTXHVWLRQZLWKWZRSRVVLEOHDQVZHUV
RQHPRUHXQFHUWDLQWKDQWKHRWKHU7KHLQWHUYDO
LVSURGXFHGXVLQJWKHSRLQWVZKHUHWKHHOOLSVH
LQWHUVHFWVWKHVFDOH7KHZLGWKRIWKHLQWHUYDO
GHQRWHVWKHXQFHUWDLQW\WKHH[SHUWKDVLQWKHLU
DQVZHUWKHZLGHUWKHLQWHUYDOWKHOHVVFHUWDLQ
7DEOH5DQGRP$9UDQNLQJ
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)LJXUH*URXSDJUHHPHQWUDQGRP
)LJXUH*URXSDJUHHPHQWLQLWLDOH[HUFLVH
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&RS\ULJKW,*,*OREDO&RS\LQJRUGLVWULEXWLQJLQSULQWRUHOHFWURQLFIRUPVZLWKRXWZULWWHQSHUPLVVLRQRI,*,*OREDOLVSURKLELWHG
WKHH[SHUWLV8VLQJWKLVUHILQHGPHWKRGSDUWLFL
SDQWVDUHDEOHWRLPSDUWPXFKPRUHLQIRUPDWLRQ
DERXWWKHLUXQFHUWDLQW\WKDQZDVSRVVLEOHLQWKH
LQLWLDOH[HUFLVH
$VDWULDOIRUWKHQHZPHWKRGRIHOLFLWLQJ
H[SHUWNQRZOHGJHDQH[HUFLVHZDVFDUULHGRXW
ZLWK 3K' VWXGHQWV DQG UHVHDUFKHUV IURP WKH
,QWHOOLJHQW 0RGHOOLQJ DQG $QDO\VLV UHVHDUFK
JURXS DW WKH 8QLYHUVLW\ RI 1RWWLQJKDP 3DU
WLFLSDQWVZHUHDVNHGWRUDWHDVSHFWVRIDVHULHV
RI UHVWDXUDQWV LQ WKH 1RWWLQJKDP FLW\ FHQWUH
DUHD)RU H[DPSOH TXHVWLRQV LQFOXGHG µ+RZ
SROLWHDUHWKHVWDII"¶DQGµ2YHUDOOKRZZRXOG
\RXUDWHWKLVHDWLQJSODFH"¶5DWLQJVZHUHGH
VFULEHGXVLQJWKHSURSRVHGPHWKRGRIGUDZLQJ
HOOLSVHV0LOOHU
7KHRYHUDOOUHVSRQVHWRWKHXVHRIHOOLSVHV
ZDVDSRVLWLYHRQH7KHSDUWLFLSDQWVOLNHGWKH
XVHRIDVLQJOHSHQVWURNH WRGHWHUPLQH WKHLU
DQVZHUDQGWKHLUXQFHUWDLQW\
0$,1(;(5&,6(
$VHWRIWKLUW\QLQHVHFXULW\SURIHVVLRQDOVIURP
VHYHQJURXSV WRRNSDUW LQ WKHPDLQH[HUFLVH
GUDZQIURPDPL[WXUHRIJRYHUQPHQWDQGFRP
PHUFLDOEDFNJURXQGV7KHJURXSVLQFOXGHGV\V
WHPDQGVRIWZDUHDUFKLWHFWVWHFKQLFDOVHFXULW\
FRQVXOWDQWV SHQHWUDWLRQ WHVWHUV YXOQHUDELOLW\
UHVHDUFKHUVDQGVSHFLDOLVWV\VWHPVHYDOXDWRUV
$OOSDUWLFLSDQWVKDYHDKLJKOHYHORIH[SHUWLVH
ZLWKERWKEUHDGWKDQGGHSWKRIH[SHULHQFH
7KHUHDVRQIRUXVLQJDODUJHUVHWRIH[SHUWV
IURPPXOWLSOHJURXSVLVWRDOORZH[DPLQDWLRQRI
WKHYDULDWLRQDQGDJUHHPHQWZLWKLQHDFKJURXS
DQGEHWZHHQJURXSVWRVHHLIGLIIHUHQWVSHFLDOLVW
ILHOGVRIF\EHUVHFXULW\GLIIHULQWKHLUYDULDWLRQ
DQGDJUHHPHQWDQGKRZHDFKILHOGYDULHVLQLWV
DJUHHPHQWZLWKRWKHUJURXSV
'DWD$FTXLVLWLRQ
)ROORZLQJWKHSURWRW\SHH[HUFLVHWKHPDLQH[
HUFLVHZDVXQGHUWDNHQXVLQJWKHVDPHPHWKRGRI
HOLFLWLQJH[SHUWRSLQLRQ7KHVFHQDULR$9VDQG
KRSVIURPWKHLQLWLDOH[HUFLVHZHUHUHYLVLWHGDQG
UHILQHGLQRUGHUWRSURYLGHDFOHDUHUGHILQLWLRQ
IRUWKHSDUWLFLSDWLQJH[SHUWV7KHH[SHUWVZHUH
JLYHQDSUHVHQWDWLRQE\WKHVFHQDULRFUHDWRUZLWK
GHWDLOVDQGGLDJUDPVRIWKHXSGDWHGVFHQDULR
$9VVHH)LJXUHDQGKRSVDQGKDGWKHRS
SRUWXQLW\WRDVNTXHVWLRQVDERXWWKHV\VWHP$V
LQWKHLQLWLDOH[HUFLVHWKHH[SHUWVZHUHDVNHG
WRDVVXPHWKDWWKHVRIWZDUHKDUGZDUHDQGIUH
TXHQF\RISDWFKLQJZDVRIWKHW\SLFDOVWDQGDUG
WKDWWKH\FDPHDFURVVLQWKHLUZRUNZLWKWKLV
W\SHRIJRYHUQPHQWV\VWHP7KH\DOOUHJXODUO\
ZRUNZLWK8.JRYHUQPHQW%,/V\VWHPVDQG
VRDUHDZDUHRIDVVRFLDWHGVHFXULW\SROLF\DQG
KRZLWLVW\SLFDOO\DSSOLHGWRVXFKV\VWHPVLQ
WHUPVRIFRPSRQHQWFRQILJXUDWLRQIUHTXHQF\
RIDQWLYLUXVXSGDWHVHWF
7RLOOXVWUDWHWKHH[HUFLVHDGLDJUDPRIRQH
RIWKH$9VDQGLWVFRQVWLWXHQWKRSVLVUHSURGXFHG
LQ)LJXUH7KHGLDJUDPVKRZV WKH V\VWHP
KRSVDQGSDWKDQDWWDFNHUZRXOGWDNHWRFRPSOHWH
WKLVDWWDFNYHFWRU7KHH[SHUWVZHUHSUHVHQWHG
ZLWKWKLVW\SHRIGLDJUDPIRUHDFKRIWKHWHQ
DWWDFNYHFWRUV7KLV$9LVFDOOHGµ0DOIRUPHG
)LJXUH,QWHUYDOUHVSRQVHZKHUHDLVDOHVVXQFHUWDLQUHVSRQVHDQGELVDPRUHXQFHUWDLQ
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GRFXPHQWYLDHPDLO¶DQGHQWDLOVDQDWWDFNHURQ
WKH,QWHUQHWVHQGLQJDQHPDLOWRDV\VWHPXVHU
ZKLFKFRQWDLQVDPDOIRUPHG3')GRFXPHQW
7KHPDOIRUPHGGRFXPHQWFRQWDLQVDPDOLFLRXV
H[SORLWWKDWFRPSURPLVHVWKHGHVNWRSFOLHQWDQG
HVWDEOLVKHVDSUHVHQFHWKHUHLQRUGHUWRPRXQW
DQRQJRLQJDWWDFN,QDGGLWLRQWRFUDIWLQJWKH
PDOZDUHWKHDWWDFNHUPXVWDOVRHYDGHGHWHFWLRQ
E\ WKH UHOHYDQW JDWHZD\ GHIHQFHV DQG PXVW
RYHUFRPHWKHORFNGRZQDSSOLHGWRWKHFOLHQW
7KHUHDUHILYHGLVWLQFWKRSVIRUWKLV$9
 %\SDVVJDWHZD\FRQWHQWFKHFNHULHHYDGH
GHWHFWLRQ
 %\SDVVJDWHZD\DQWLYLUXV
 &RPSURPLVH3')UHQGHUHU
 %\SDVVDQWLYLUXVRQFOLHQW
 2YHUFRPH FOLHQW ORFNGRZQ LH DFFHVV
FRQWUROVRQWKHFOLHQW
1RWHWKDWWKHUHLVQRWDKRSWRE\SDVVWKH
JDWHZD\ILUHZDOOLQWKLVDWWDFNEHFDXVHWKHH[
SORLWLVFDUULHGZLWKLQOHJLWLPDWHEXVLQHVVWUDIILF
LHDQHPDLOKHQFHQRZRUNLVUHTXLUHGWR
SDVVWKURXJKWKHILUHZDOO
7KH WHQ$9V WKDW ZHUH SUHVHQWHG WR WKH
H[SHUWVDUHDVIROORZV
 0DOIRUPHG GRFXPHQW YLD HPDLO VHH
)LJXUH
 &RPSURPLVHFHQWUDOFU\SWRJUDSKLFGHYLFH
 $WWDFNYLD92,3FOLHQW
 $WWDFNYLDQHWZRUNPDQDJHPHQWWRROV
 6WHDO FUHGHQWLDOV DQG XSORDG PDOLFLRXV
GRFXPHQW
 $WWDFNYLDHQWHUSULVHVHUYLFHV
 (QWLFHXVHUWRPDOLFLRXVZHEVLWH
 6XEYHUW6$1YLDYLUWXDOLVDWLRQLQIUDVWUXFWXUH
 ,QVWDQW0HVVDJLQJFOLHQW
 0DOLFLRXV64/DWWDFN
1RWHWKDWWKHVHDUHVKRZQLQUDQGRPRUGHU
WKLVLVEHFDXVHGHWDLORIKRZVSHFLILF$9VZHUH
UDQNHGKDVQRWEHHQUHOHDVHGDVSDUWRIWKLVGD
WDVHW7KHILUVWSDUWRIWKHH[HUFLVHFRQVLVWHGRI
WKHH[SHUWVUDQNLQJWKHWHQ$9VLQRUGHURIKRZ
)LJXUH([DPSOHDWWDFNµPDOIRUPHGGRFXPHQWYLDHPDLO¶
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GLIILFXOWWKH\WKRXJKWLWZRXOGEHWRFDUU\RXW
WKHDWWDFNZLWKRXWEHLQJGHWHFWHG7KLVDFWLYLW\
ZDVFRQGXFWHGLQH[DPLQDWLRQOLNHFRQGLWLRQV
WRHQVXUHWKDWWKHUHZHUHQRRXWVLGHLQIOXHQFHV
RQWKHH[SHUWV¶RSLQLRQV
)ROORZLQJ WKLV WKH VHFRQG SDUW RI WKH
H[HUFLVHUHTXLUHGH[SHUWVWRDQVZHUDVHULHVRI
TXHVWLRQVDERXWHDFKRIWKHKRSVPDNLQJXSWKH
$9VJLYLQJWKHLUDQVZHUVXVLQJDQHOOLSVHDV
LQWKHSURWRW\SHH[HUFLVH7KHTXHVWLRQVZHUH
GHYLVHGLQFROODERUDWLRQZLWK&(6*¶VWHFKQLFDO
H[SHUWVWRGHWHUPLQHZKDWWKHLPSRUWDQWIDFWRUV
DUHWKDWFRQWULEXWHWRWKHGLIILFXOW\RIKRSVDQG
$9V7KHUHVXOWLQJTXHVWLRQVLQFOXGHGEXWZHUH
QRWOLPLWHGWR
 +RZPDWXUH LV WKLV W\SHRI WHFKQRORJ\"
LHWKHFRPSRQHQW¶VWHFKQRORJ\
 +RZOLNHO\LVLWWKDWWKHUHZRXOGEHDSXE
OLFO\DYDLODEOHWRROWKDWFRXOGKHOSZLWKWKLV
DWWDFN"
 +RZ PXFK GRHV WKH WDUJHW FRPSRQHQW
SURFHVVLQWHUDFWZLWKDQ\RILWVGDWDLQSXWV"
 +RZ FRPSOH[ LV WKH WDUJHW FRPSRQHQW
HJLQWHUPVRIVL]HRIFRGHQXPEHURI
VXEFRPSRQHQWV"
7KHH[SHUWVZHUHGLYLGHGXSFRPSOHWLQJ
WKHKRSTXHVWLRQVLQDQXPEHURIVHSDUDWHURRPV
LQH[DPFRQGLWLRQV$VWKHUHZHUHWKLUW\QLQH
SDUWLFLSDQWVDQGWZHQW\VL[GLVWLQFWKRSVLQWKH
VFHQDULRZLWKXSWRHLJKWTXHVWLRQVSHUKRS
WKLVSURGXFHGDVXEVWDQWLDOGDWDVHWRIDURXQGVL[
WKRXVDQGREVHUYDWLRQV:HEHOLHYHWKLVVFRSH
RIGDWDFROOHFWLRQDQGTXDQWLW\RIGDWDFROOHFWHG
IURPKLJKO\H[SHULHQFHGVHFXULW\SUDFWLWLRQHUV
WR EH XQSUHFHGHQWHG 7KLV ODUJHU QXPEHU RI
SDUWLFLSDQWVDQGJURXSVDOORZVXVWRORRNDWWKH
YDULDWLRQEHWZHHQWKHLQGLYLGXDOVZLWKLQJURXSV
EHWZHHQJURXSVDQGLQWKHRYHUDOORSLQLRQVRI
WKHVHWRIWKLUW\QLQHH[SHUWV
'DWD$QDO\VLV$9V
,QWKHILUVWVWDJHRIDQDO\VLVZRUNIRFXVHGRQ
WKH$9UDQNLQJVDVVHVVLQJWKHOHYHORIYDULDWLRQ
WKDWRFFXUUHGEHWZHHQLQGLYLGXDOH[SHUWVDQG
JURXSVRIH[SHUWV,QLWLDOO\LQGLYLGXDOH[SHUWV¶
RSLQLRQVZHUHVWXGLHG)LJXUHVKRZVKRZWKH
VHWRIWKLUW\QLQHH[SHUWVUDQNHGRQHRIWKH$9V
$9(DFKSRLQWRQWKH[D[LVUHSUHVHQWVRQH
RIWKHWKLUW\QLQHH[SHUWVDQGWKH\D[LVLVXVHG
WRVKRZKRZWKH\UDQNHG$9
7ZRWKLQJVDUHDSSDUHQWIURP)LJXUH
 7KHUHLVDJHQHUDOFRQVHQVXVWKDW$9LV
HDV\FRPSDUHGWRWKHRWKHU$9V(DVLHVW
+DUGHVW,WFDQEHVHHQWKDWWKHPDMRULW\
RISDUWLFLSDQWVKDYHJLYHQDKLJKHUHDVLHU
UDQNLQJWR$9
 7KHUHLVDYHU\EURDGVSHFWUXPRIRSLQLRQV
7KHUHLVDWOHDVWRQHLQGLYLGXDOLQWKHVHW
WKDWKDVJLYHQHDFKRIWKHFRPSOHWHUDQJH
RIUDQNLQJV±
7KHRWKHUQLQH$9UDQNLQJVVKRZDVLPLODU
OHYHORIYDULDWLRQWRWKHRQHVKRZQLQ)LJXUH
ZLWKQLQHRIWKHPEHLQJUDQNHGLQDWOHDVWHLJKW
RIWKHWHQSRVVLEOHSODFHV7KLVWHOOVXVWKDWZKLOH
WKHUHLVDJUHHPHQWZLWKLQWKHVHWLIZHZHUH
WRDVNRQHVLQJOHH[SHUWIRUWKHLUUDQNLQJIRU
$9ZHPLJKWJHWDQ\RQHRIWKHWHQSRVVLEOH
UDQNLQJV)URPDVHFXULW\DGYLVRU\SHUVSHFWLYH
WKLVLVREYLRXVO\XQGHVLUDEOHDVRXUDLPLVWR
SURYLGHFOHDUDQGFRQVLVWHQWDGYLFH+RZHYHUDV
ZHZLOOVHHE\DJJUHJDWLQJWKHH[SHUWV¶RSLQLRQV
ZHFDQSURGXFHDPRUHFRQVLVWHQWUHVSRQVH
$WJURXSOHYHOWKHUHLVDUDQJHRIOHYHOVRI
DJUHHPHQWVRPHRIWKHVHYHQJURXSVDUHPRUH
FRQVLVWHQWWKDQRWKHUV7DEOHGHWDLOVWKHPHDQ
6SHDUPDQ¶VUKRIRULQGLYLGXDOVRIHDFKJURXS
FRPSDUHGDJDLQVWWKHJURXSDYHUDJHDQGWKH
.HQGDOO¶V:IRUHDFKJURXS,WFDQEHVHHQWKDW
*URXS'KDVWKHEHVWDJUHHPHQWDQG*URXS*
KDVWKHOHDVWDJUHHPHQWDPRQJLWVPHPEHUV
)LJXUH  DQG )LJXUH  VKRZ DJUHHPHQW
DPRQJWKHLQGLYLGXDOVRI*URXS'DQG*URXS
*UHVSHFWLYHO\$VLQ)LJXUHDQG)LJXUHWKH
[D[LV UHSUHVHQWV WKH JURXS DYHUDJH UDQNLQJ
DQGWKH\D[LVLVXVHGWRVKRZKRZHDFKH[SHUW
UDQNHGHDFKRIWKH$9VIURPWKHJURXSUDQNLQJ
7KHKHLJKWRIWKHFROXPQVGHQRWHVKRZPDQ\
H[SHUWVDVVLJQHGHDFKUDQNLQJWRDQ$9,QWKHVH
WZRFDVHVWKHUHDUHWLHVLQWKHUDQNLQJVPHDQ
,QWHUQDWLRQDO-RXUQDORI6HFXUH6RIWZDUH(QJLQHHULQJ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-DQXDU\0DUFK
&RS\ULJKW,*,*OREDO&RS\LQJRUGLVWULEXWLQJLQSULQWRUHOHFWURQLFIRUPVZLWKRXWZULWWHQSHUPLVVLRQRI,*,*OREDOLVSURKLELWHG
LQJWKDWQRWDOORIWKHJURXSUDQNVDUHLQWHJHU
YDOXHV 2EYLRXVO\ DV HDFK LQGLYLGXDO KDV D
FRQWULEXWLRQWRWKHJURXSPHDQZHZRXOGH[SHFW
WRVHHVRPHDJUHHPHQWEXWLWLVFOHDUWKDW*URXS
'DUHPRUHFRQVLVWHQWWKDQ*URXS*LQWKHLU
GHFLVLRQPDNLQJ
7KHQH[WVWHSLQWKHDQDO\VLVZDVWRORRN
DWWKHHQWLUHVHWRIWKLUW\QLQHH[SHUWV7DEOH
SURYLGHV WKH 6SHDUPDQ¶V UKR IRU HDFK LQGL
YLGXDO¶VUDQNLQJFRPSDUHGZLWKWKHVHW¶VPHDQ
UDQNLQJ7KHPDMRULW\RIWKHVHWKDYHDVWURQJ
FRUUHODWLRQZLWKWKHRYHUDOOFRQVHQVXVRSLQLRQ
DQGILYHLQGLYLGXDOVKDYHDSDUWLFXODUO\ZHDN
FRUUHODWLRQ ZLWK WKH JURXS %\ LGHQWLI\LQJ
RXWOLHUVZHSURYLGHWKHRSSRUWXQLW\WRLQYHV
WLJDWH IXUWKHU WR VHH ZK\ WKHVH LQGLYLGXDOV
GLVDJUHHZLWKWKHJURXSDQGZKHWKHUIXUWKHU
DFWLRQLVUHTXLUHGHJIXUWKHUWUDLQLQJRUGLV
VHPLQDWLRQRIQHZNQRZOHGJH
7DEOH  DQG )LJXUH  VKRZ HDFK JURXS
FRPSDUHG ZLWK WKH RYHUDOO VHW RI WKLUW\ QLQH
H[SHUWV¶PHDQUDQNLQJ,Q)LJXUHWKH[D[LV
VKRZVWKH$9VLQRUGHURIDYHUDJHUDQNDQG
WKH\D[LVVKRZVKRZWKHH[SHUWVUDQNHGHDFK
$9,WFDQEHVHHQWKDWDOWKRXJKDWLQGLYLGXDO
OHYHO WKHUH LV VRPH GLVDJUHHPHQW ZKHQ WKH
RSLQLRQVRIHDFKJURXSDUHDJJUHJDWHGWKHUHLV
DYHU\VWURQJFRQVHQVXVRIRSLQLRQSURYLGLQJ
DFRQVLVWHQWPHDVXUHRI$9GLIILFXOW\
)ROORZLQJWKLVVFDWWHUSORWVZHUHSURGXFHG
WR LOOXVWUDWH KRZ WKH LQGLYLGXDOVZLWKLQ HDFK
JURXSUHODWHGWRRQHDQRWKHUDQGKRZWKHJURXSV
UHODWHGWRHDFKRWKHU7ZRGLVWDQFHVZHUHXVHG
IRUWKHSORWGLVWDQFHIURPWKHVHWPHDQUDQNLQJ
DQGGLVWDQFHIURPWKHVFHQDULRFUHDWRU¶VUDQN
LQJ 7KH VFHQDULR FUHDWRU LV WKH PRVW VHQLRU
PHPEHURIWKHLQWHUQDOWHFKQLFDOWHDPVDQGDV
WKHFUHDWRUZHFDQDVVXPHWKDWKHKDVWKHFOHDU
HVWXQGHUVWDQGLQJRIWKHVFHQDULR%HFDXVHRI
)LJXUH6SUHDGRIUDQNLQJVIRU$9
7DEOH*URXSDJUHHPHQW
*URXS $ % & ' ( ) *
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DSSHDU WREHPRUHGLVSDUDWH WKDQRWKHUV)RU
H[DPSOH *URXS ' LV FORVHO\ JURXSHG ZKLOH
*URXS * LV VSUHDG RXW PRUH ZLGHO\ DV UH
IOHFWHGE\WKHLQWUDJURXSDJUHHPHQWVVKRZQ
LQ)LJXUHDQG)LJXUH7KHUHPD\EHPDQ\
UHDVRQV IRU WKLVDQG LW LVQRWQHFHVVDULO\ WKH
FDVHWKDW*URXS*LVLQIHULRUWR*URXS')RU
H[DPSOHLWPD\EHWKDW*URXS'DUHH[SHUWV
ZKRZRUNWRJHWKHUUHJXODUO\LQWKHVDPHRIILFH
DQG*URXS*FRXOGEHLQGLYLGXDOVZKRZRUN
LQ GLIIHUHQW SDUWV RI WKH FRXQWU\ DQG KDYH
QHYHUPHW DQG WKHUHIRUHKDYHYHU\GLIIHUHQW
H[SHULHQFHV+RZHYHUIXOOGHWDLOVRIWKHJURXS
LQJVDUHUHVWULFWHGDQGDVVXFKZHUHQRWUHOHDVHG
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7KHVHFRQGVWDJHRIDQDO\VLVLQYROYHVH[DPLQ
LQJWKHGDWDFROOHFWHGUHJDUGLQJWKHLQGLYLGXDO
KRSVDQGSRWHQWLDOO\UHODWLQJWKHVHWRWKH$9V
$VVWDWHGSUHYLRXVO\WKHKRSUDWLQJSDUWRIWKH
H[HUFLVHUHTXLUHGH[SHUWVWRDQVZHUDVHULHVRI
TXHVWLRQVDERXWWKHWZHQW\VL[KRSVWKDWPDNH
XSWKHWHQ$9VWKDWZHUHUDQNHGLQWKHSUHYLRXV
SDUWRIWKHH[HUFLVH7KHUHVXOWRIWKHH[HUFLVH
ZDVDFROOHFWLRQRILQWHUYDOVWKDWGHVFULEHHDFK
H[SHUW¶V RSLQLRQ RI D SDUWLFXODU DVSHFW RI D
SDUWLFXODUKRS
)RURXULQLWLDOKRSDQDO\VLVZHKDYHIR
FXVHGRQRQHTXHVWLRQµ2YHUDOOKRZGLIILFXOW
ZRXOGLWEHIRUDQDWWDFNHUWR>VXFFHVVIXOO\PDNH
WKHKRS@"¶7KLVTXHVWLRQZDVGHVLJQHGWRHOLFLW
RQHRYHUDOOGLIILFXOW\UDWLQJIRUWKHKRSZKLOH
WKHRWKHUTXHVWLRQVIRFXVRQVSHFLILFDVSHFWV
RI WKDW GLIILFXOW\7KLV LQLWLDO KRS DQDO\VLV LV
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WR WKHPLQLPXPPHDQDQGPD[LPXPRI WKH
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DQ2UGHUHG:HLJKWHG$YHUDJH2:$<DJHU
 RSHUDWRU ZDV VHOHFWHG DV RQH RI WKH
DJJUHJDWLRQ PHWKRGV$Q 2:$ DOORZV PRUH
ZHLJKWWREHJLYHQWRWKHPRVWGLIILFXOWKRSV
ZKLOHVWLOOWDNLQJLQWRDFFRXQWWKHRWKHUKRSV
ZKHQUDWLQJDQ$97KLVUHVXOWVLQDVLJQLILFDQW
UHGXFWLRQLQWKHQXPEHURIWLHVREWDLQHGOHDGLQJ
WRPRUHPHDQLQJIXOUDQNLQJV
$Q2:$FRQVLVWVRIDVHWRIZHLJKWVWKDW
DGGXSWRDQGDVHWRIREMHFWV,QRXUFDVH
WKHREMHFWVDUHKRSUDWLQJV7KHILUVWVWHSRIWKH
2:$LVWRVRUWWKHREMHFWVKRSUDWLQJVLQWR
GHVFHQGLQJRUGHUVRWKHPRVWGLIILFXOWKRSZLOO
EHSODFHGDWWKHVWDUWRIWKHOLVW7KHQHDFKRI
WKHZHLJKWV LVPXOWLSOLHGE\ WKHFRUUHVSRQG
LQJREMHFWVRWKHILUVWZHLJKWLVPXOWLSOLHGE\
WKHILUVWREMHFWDQGVRRQ,IWKHILUVWZHLJKWLV
KLJKQHDUWRRQHWKHQWKHUHVXOWDQWRSHUDWRU
LV FORVH WR D PD[LPXP7KLV ZHLJKWLQJ ZLOO
WKHQEHUHIOHFWHGLQWKHRYHUDOOVFRUHSURGXFHG
IRUDQ$9$VHOHFWLRQRI2:$RSHUDWRUVZHUH
XVHGWKDWJDYHSUHFHGHQFHWRKRSVZLWKKLJKHU
GLIILFXOW\UDWLQJV
$VDQDGGHGFRPSOH[LW\HDFK$9KDVD
GLIIHUHQW QXPEHU RI KRSV VR IL[HG ZHLJKWV
FDQQRW EH XVHG ZLWK WKH 2:$ 7ZR DOWHU
QDWLYH ZHLJKWLQJ VWUDWHJLHV ZHUH XVHG IRU
WKH H[SHULPHQW UHIHUUHG WR DV 2:$ DQG
2:$%RWKXVHDIRUPRIUDQNLQJSURSRU
WLRQDWHZHLJKWLQJ2:$IHDWXUHVDVWHDG\
GHFUHDVH RI ZHLJKWLQJV IRU H[DPSOH DQ $9
ZLWKILYHKRSV LVJLYHQD OLQHDUO\GHFUHDVLQJ
ZHLJKWLQJ ^` 2:$
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$9ZLWKILYHKRSVXVHVZHLJKWVLQSURSRUWLRQ
^`ZLWKWKHZHLJKWVQRU
PDOLVHGWRHQVXUHWKDWWKH\VXPWRRQH
(DFKDJJUHJDWLRQRSHUDWRUZDVDSSOLHGWR
WKHKRSUDQNLQJVJLYHQE\HDFKRIWKHPHPEHUV
RI*URXS'7KHQIRUHDFKPHWKRGWKHUDQNLQJ
SURGXFHGZDVFRPSDUHGZLWKWKHDFWXDOUDQNLQJ
JLYHQE\WKHLQGLYLGXDOH[SHUW7DEOHJLYHV
DVXPPDU\RIWKHEHVWUHVXOWVIRXQGXVLQJWKH
DJJUHJDWLRQRSHUDWRUV7KHILJXUHVVKRZQDUH
6SHDUPDQ¶VUKRIRUWKHFRPSDULVRQEHWZHHQWKH
UDQNGHULYHGIURPWKHKRSGDWDXVLQJHDFKRI
WKHDJJUHJDWLRQPHWKRGVDQGWKHDFWXDOUDQN
SURYLGHGE\WKDWLQGLYLGXDO
7KH6SHDUPDQ¶VUKRILJXUHVVKRZWKDWWKHUH
LVDYHU\KLJKOHYHORIFRUUHODWLRQEHWZHHQWKH
UDQNLQJVWKDWWKHH[SHUWVSURYLGHGLQWKHILUVW
SDUW RI WKH H[HUFLVH DQG WKRVH GHULYHG IURP
WKHLU KRS UDWLQJV 7KDW LV E\ FRPELQLQJ DQ
LQGLYLGXDO¶VKRSUDWLQJVLWLVSRVVLEOHWRSURGXFH
$9UDQNLQJVWKDWDUHFORVHO\FRUUHODWHGWRWKDW
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XVLQJ2:$RSHUDWRUV WKDWJLYHPRUHZHLJKW
WKH PRVW GLIILFXOW KRSV FDQ EH VHHQ DV WKH\
DYRLGWKHWLHGUDQNLQJVSURGXFHGZKHQXVLQJD
PD[LPXPRSHUDWRU
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,QWKHPHWKRGRORJ\SUHVHQWHGLQWKLVSDSHUWKH
VXEMHFWLYHRSLQLRQVRIF\EHUVHFXULW\SURIHVVLRQ
DOVDUHXVHGWRFUHDWHDFRQVLVWHQWYDOLGDWLRQRI
SURSRVHGVRIWZDUHV\VWHPV$VZHOODVSURYLGLQJ
DPHWULFRIVHFXULW\LWDOVRDOORZVV\VWHPDWLF
LGHQWLILFDWLRQRI
 7RSLFVZKHUHWKHUHLVDFOHDUO\HVWDEOLVKHG
FRQVHQVXVRIRSLQLRQ
 7RSLFVZKHUHWKHUHLVVLJQLILFDQWGLVDJUHH
PHQWEHWZHHQH[SHUWV
 ,QGLYLGXDOVZLWKLQWKHFRPPXQLW\ZKRDUH
FRQVLVWHQWO\PDNLQJMXGJHPHQWVZKLFKDUH
VWURQJO\DZD\IURPWKHQRUP
1RWH WKDW WKH FRQVHQVXV RSLQLRQ LV QRW
QHFHVVDULO\ SUHVHQWHG DV WKH µJURXQG WUXWK¶
KRZHYHULIWKHOHYHORIH[SHUWLVHLVKLJKDQG
WKHGHJUHHRIDJUHHPHQWLVVWURQJWKHQLWLVPRUH
OLNHO\WRKROGWUXH,QWKHUHDOZRUOGWKHXVHRI
PHDVXUHGH[SHUWRSLQLRQLVRIWHQWKHRQO\ZD\
RIDFKLHYLQJDSUDFWLFDOUHDOLVWLFDVVHVVPHQW:H
DOVRHPSKDVLVHWKDWLQGLYLGXDOVZKRDUHPDNLQJ
µRXWOLHUGHFLVLRQV¶VKRXOGQRWEHFRQVLGHUHGDV
µZURQJ¶,QIDFWLQVRPHFDVHVWKH\PD\UHSUH
VHQWSHRSOHDWWKHIRUHIURQWRIQHZNQRZOHGJH
FUHDWLRQ,QWKHVHFDVHVWKHLQGLYLGXDOVKDYHDQ
LPSRUWDQWUROHWRSOD\LQFKDOOHQJLQJWKHµJURXS
WKLQN¶+RZHYHULQRWKHUFDVHVµRXWOLHUV¶PD\
VLPSO\EHOHVVH[SHULHQFHGRUVNLOOHGWKDQWKH
QRUP,IWKLVLVWKHFDVHWKHQWKHVHLQGLYLGXDOV
FRXOGEHFRQVLGHUHGIRUWDUJHWHGWUDLQLQJ7KH
LGHQWLILFDWLRQ RI DQG VXEVHTXHQW LQWHUDFWLRQ
ZLWKµRXWOLHUV¶WKHUHIRUHQHHGVWREHFDUHIXOO\
PDQDJHG
,QWKLVUHVHDUFKZHKDYHXVHGWKHH[SHUWLVH
RIF\EHUVHFXULW\H[SHUWVWRGHWHUPLQHDVHWRI
$9VWRZRUNZLWKZHVXJJHVWWKLVLVWKHPRVW
SUDFWLFDO PHWKRG DV LGHQWLI\LQJ PHDQLQJIXO
$9VDXWRPDWLFDOO\LVFXUUHQWO\DYHU\GLIILFXOW
WDVNIRUFRPSXWHUVWRXQGHUWDNH:H¶YHXVHG
ZKDW WKH H[SHUWV EHOLHYH WR EH WKH WHQ PRVW
VDOLHQW$9VWKRXJKWKHRSWLPDOQXPEHUWRXVH
ZLOOXQGRXEWHGO\YDU\IURPV\VWHPWRV\VWHP
GHSHQGHQWXSRQLWVFRPSOH[LW\$V\VWHPLVRQO\
DVVHFXUHDVLWVZHDNHVWHOHPHQWVRLGHQWLI\LQJ
ZKLFKDUHWKHZHDNHVWDVSHFWVRIDV\VWHPFDQ
IRUPDQLPSRUWDQWFRPSRQHQWRIV\VWHPVHFX
ULW\DVVHVVPHQWWKRXJKREYLRXVO\LWLVQRWWKH
FRPSOHWHVROXWLRQ)XUWKHUH[SHULPHQWDWLRQLV
UHTXLUHGWRDVFHUWDLQWKHPRVWVXLWDEOHQXPEHU
RI$9VWRXVHIRUDSDUWLFXODUV\VWHP
:KLOHRQO\ DQ LQLWLDO VWXG\ WKH DQDO\VLV
RIWKHKRSGDWDKDVSURGXFHGVRPHLQWHUHVWLQJ
UHVXOWV8VLQJDOLPLWHGVHWRIGDWDLWKDVEHHQ
GHPRQVWUDWHGWKDWZHDUHDEOHWRDJJUHJDWHKRS
UDWLQJVIRUDQLQGLYLGXDOWRSURGXFHDPHDVXUH
RIVHFXULW\IRUDQ$97KHUDQNLQJVSURGXFHG
XVLQJWKHVHPHDVXUHVDUHFORVHO\FRUUHODWHGZLWK
WKHH[SHUWV¶DFWXDO$9UDQNLQJV)URPWKLVZH
FDQJDWKHUWKDWIRUWKHVHH[SHUWVWKHLUDQVZHUWR
WKHµ2YHUDOO¶TXHVWLRQIRUHDFKKRSLVVWURQJO\
UHODWHGWRKRZWKH\UDQN$9VFRQWDLQLQJWKLV
KRS:KLOHWKLVPD\VHHPREYLRXVLWLVE\QR
PHDQVJXDUDQWHHGDSULRULGXHWRWKHIDFWWKDW
WKH$9UDQNLQJDQGKRSDQDO\VLVZHUHFDUULHG
RXWDWGLIIHUHQWWLPHVRIWKHGD\DQGWKHPDS
SLQJRIKRSVWR$9VLVQRQREYLRXV
,IWKLVLVWKHFDVHIRUDOORIRXUH[SHUWVLW
VXJJHVWVWKDWUDWLQJVRIKRSVFDQEHXVHGWRUDQN
$9VLQRUGHURIGLIILFXOW\,QWKHIXWXUHLWPD\EH
SRVVLEOHWREXLOGDGDWDEDVHRIKRSUDWLQJVWKDW
FDQEHXVHGWRUDQN$9VLQSURSRVHGV\VWHPV
KLJKOLJKWLQJWKRVHWKDWSUHVHQWJUHDWHUULVN
3RVVLEOHDSSOLFDWLRQVRIWKHZRUNSUHVHQWHG
LQWKLVSDSHULQFOXGH
 $YDOLGDWLRQWRROSURYLGLQJJXLGDQFHRQWKH
GLIILFXOW\RI$9VIRUDSURSRVHGVRIWZDUH
V\VWHPEDVHGXSRQH[SHUWV¶NQRZOHGJHRI
ERWKKRSVDQG$9V7KLVZRXOGEHYHU\XVH
IXOZKHQGHVLJQLQJLQIRUPDWLRQV\VWHPV
DVLWFRXOGSURYLGHYDOLGDWLRQRIVHFXULW\
IRUJLYHQSDUWVRIDSURSRVHGV\VWHP
 $PHWKRGRORJ\IRUHVWDEOLVKLQJDFRQVHQVXV
RSLQLRQRIPXOWLSOHH[SHUWV7KHDJJUHJD
WLRQ SURFHVV KDV EHHQ VKRZQ WR UHGXFH
,QWHUQDWLRQDO-RXUQDORI6HFXUH6RIWZDUH(QJLQHHULQJ-DQXDU\0DUFK
&RS\ULJKW,*,*OREDO&RS\LQJRUGLVWULEXWLQJLQSULQWRUHOHFWURQLFIRUPVZLWKRXWZULWWHQSHUPLVVLRQRI,*,*OREDOLVSURKLELWHG
WKHHIIHFWVRIRXWOLHUVSURGXFLQJDPRUH
FRQVLVWHQWPHDVXUHRIVHFXULW\
 $V\VWHPIRULGHQWLI\LQJRXWO\LQJH[SHUWV
ZKRPD\KDYHFXWWLQJHGJHNQRZOHGJHRU
UHTXLUHVXSSRUWDQGWUDLQLQJ,QHLWKHUFDVH
WKHDELOLW\WRLGHQWLI\RXWO\LQJH[SHUWVLV
FULWLFDOWRRXUJRDORISURYLGLQJFOHDUDQG
FRQVLVWHQWDGYLFHWRV\VWHPGHVLJQHUV
&21&/86,21$1')8785(:25.
,QWKLVSDSHUZHVKRZKRZH[SHUWRSLQLRQRI
VHFXULW\FDQEHHOLFLWHGPHDVXUHGDQGDJJUH
JDWHGWRSURGXFHDQDVVHVVPHQWIRUDSURSRVHG
VRIWZDUHV\VWHP7KHLQKHUHQWYDULDWLRQWKDWRF
FXUVZLWKKXPDQH[SHUWVLVUHGXFHGSURGXFLQJ
DFRQVLVWHQWRXWFRPH:HSUHVHQWDQDO\VLVDQG
UHVXOWVRIDQH[HUFLVHLQYROYLQJDVHWRIWKLUW\
QLQHVHFXULW\SURIHVVLRQDOVIURPVHYHQJURXSV
LQFOXGLQJJRYHUQPHQWDQGFRPPHUFLDOJURXSV
ZKRZHUHJLYHQDVFHQDULRFUHDWHGE\&(6*
VHFXULW\SURIHVVLRQDOVDQGDVNHGWRSURYLGHWKHLU
RSLQLRQVRQWHQ$9VDQGWKHWZHQW\VL[KRSV
WKDWPDGHXSWKH$9V:HEHOLHYHWKDWDVWXG\
RIWKLVVFRSHDQGVFDOHZLWKKLJKO\H[SHULHQFHG
VHFXULW\SUDFWLWLRQHUVWREHXQLTXH7KHDQDO\VLV
RIWKH$9GDWDVKRZHGWKDWDWLQGLYLGXDOOHYHO
WKHUHZDVYDULDWLRQEHWZHHQLQGLYLGXDOH[SHUWV
+RZHYHU IXUWKHU DQDO\VLV VKRZHG WKDW E\
DJJUHJDWLQJUDQNLQJVZHDUHDEOH WRSURGXFH
UDQNLQJV WKDW DUHPRUHFRQVLVWHQW LQGLFDWLQJ
WKDWWKHUHLVRYHUDOOFRQVHQVXV
7KH LQLWLDO DQDO\VLV SHUIRUPHG RQ KRS
GDWD SURGXFHG UHVXOWV WKDW GHPRQVWUDWH KRZ
DQ LQGLYLGXDO¶V KRS UDQNLQJV FDQ EH XVHG WR
SURGXFHDPHDVXUHRIVHFXULW\IRUDQ$9DQG
WKDWWKHUHVXOWLQJUDQNLQJVDUHKLJKO\FRUUHODWHG
ZLWK LQGLYLGXDOV¶ DFWXDO $9 UDQNLQJV 7KLV
UHVXOWWHOOVXVWKDWWKHUHLVDFOHDUUHODWLRQVKLS
EHWZHHQWKHGLIILFXOW\RI$9VDQGWKHGLIILFXOW\
RIFRQVWLWXHQWKRSV
)XWXUHOLQHVRIUHVHDUFKDUHWRLQFOXGHIXU
WKHUVWXG\RIWKHGDWDFROOHFWHGGXULQJWKHKRS
UDWLQJH[HUFLVH6SHFLILFDOO\WKLVZLOOLQFOXGH
ZLGHQLQJ WKH VFRSH RI WKH LQLWLDO DQDO\VLV WR
LQFOXGH DOO H[SHUWV WR GHWHUPLQHZKHWKHU WKH
UHVXOWV RI WKLV VWXG\ KROG IRU OHVV FRQVLVWHQW
JURXSV:HZLOODOVRH[SORUHWKHDQVZHUVWRWKH
UHPDLQLQJTXHVWLRQVDVNHGDERXWHDFKKRSLQ
UHODWLRQWRWKHµ2YHUDOO¶TXHVWLRQDQGWKH$9
UDQNLQJV2WKHUDUHDVRILQWHUHVWZLWKUHJDUGWR
WKHKRSGDWDLQFOXGHDQDO\VLVRIWKHXQFHUWDLQ
WLHVH[SUHVVHGE\WKHH[SHUWVDQGGHWHUPLQLQJ
FRQVLVWHQFLHVEHWZHHQH[SHUWV0RUHJHQHUDOO\
UHDOZRUOGDSSOLFDWLRQVRIWKHZRUNZLOOEHFRQ
VLGHUHGLQFOXGLQJSURYLGLQJVHFXULW\YDOLGDWLRQ
IRUV\VWHPGHVLJQHUVHVWDEOLVKLQJDFRQVHQVXV
DPRQJH[SHUWVDQGLGHQWLI\LQJRXWOLHUV
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7KLV ZRUN ZDV IXQGHG E\ &(6*  WKH 8.
*RYHUQPHQW¶V 1DWLRQDO 7HFKQLFDO $XWKRULW\
IRU,QIRUPDWLRQ$VVXUDQFH,$DQG5&8.¶V
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$JHQHUDOL]DWLRQRI%D\HVLDQ
LQIHUHQFH-RXUQDORIWKH5R\DO6WDWLVWLFDO6RFLHW\
6HULHV$*HQHUDO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URQPHQW$SSOLHG6RIW&RPSXWLQJ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$PHWKRGRILQIRU
PDWLRQVHFXULW\ULVNDVVHVVPHQWXVLQJIX]]\QXPEHU
RSHUDWLRQV,Q3URFHHGLQJVRIWK,QWHUQDWLRQDO&RQ
IHUHQFHRQ:LUHOHVV&RPPXQLFDWLRQV1HWZRUNLQJ
DQG0RELOH&RPSXWLQJ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SS±
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
±GRL7)8==
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PRGHOEXLOGLQJSURFHVVIRUYLUWXDOQHWZRUNVHFXULW\
DVVHVVPHQW,Q3URFHHGLQJVRIWKH,(((3DFLILF
5LP&RQIHUHQFHRQ&RPPXQLFDWLRQV&RPSXWHUVDQG
6LJQDO3URFHVVLQJ3DF5LP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SS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 &RQVWUXFWLQJ JHQHUDO W\SH IX]]\ VHWV
IURPLQWHUYDOYDOXHGGDWD,Q3URFHHGLQJVRI
,((( ,QWHUQDWLRQDO&RQIHUHQFHRQ)X]]\6\VWHPV
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O\WLFDOKLHUDUFK\SURFHVV(XURSHDQ-RXUQDORI2S
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)X]]\H[SHUWPRGHO IRU ULVN
DVVHVVPHQW,Q3URFHHGLQJVRIWKH)LIWK,QWHUQDWLRQDO
&RQIHUHQFHRQ,QWHUQHW0RQLWRULQJDQG3URWHFWLRQ
SS±
7DQ=	3HQJ\X/*URXSGHFLVLRQPDN
LQJLQIRUPDWLRQVHFXULW\ULVNDVVHVVPHQWEDVHGRQ
$+3DQGLQIRUPDWLRQHQWURS\5HVHDUFK-RXUQDORI
$SSOLHG6FLHQFHV±
:X ; )X < 	 :DQJ -  ,QIRUPDWLRQ
V\VWHPV VHFXULW\ ULVN DVVHVVPHQW RQ LPSURYHG
IX]]\$+3,Q3URFHHGLQJVRIWKH,6(&6,QWHUQD
WLRQDO&ROORTXLXPRQ&RPSXWLQJ&RPPXQLFDWLRQ
&RQWURODQG0DQDJHPHQW&&&0 9RO
SS±
=DGHK /  2XWOLQH RI D QHZ DSSURDFK WR
WKH DQDO\VLV RI FRPSOH[ V\VWHPV DQG GHFLVLRQ
SURFHVVHV ,((( 7UDQVDFWLRQV RQ 6\VWHPV 0DQ
DQG &\EHUQHWLFV 60& ± GRL
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
6LPRQ0LOOHULVD5HVHDUFK)HOORZZLWKLQWKH,QWHOOLJHQW0RGHOOLQJDQG$QDO\VLVUHVHDUFKJURXS
DWWKH8QLYHUVLW\RI1RWWLQJKDPLQWKH8.+HZDVDZDUGHGD3K'LQ&RPSXWHU6FLHQFHLQ
IURP'H0RQWIRUW8QLYHUVLW\/HLFHVWHU8.+LVPDLQLQWHUHVWLVWKHGHYHORSPHQWDQGDS
SOLFDWLRQRI&RPSXWDWLRQDO,QWHOOLJHQFH&,WHFKQLTXHVLQUHDOZRUOGXQFHUWDLQHQYLURQPHQWV
+LVFXUUHQWZRUNIRFXVHVRQPHDVXULQJDQGPRGHOOLQJWKHYDULDWLRQWKDWH[LVWVLQWKHGHFLVLRQ
PDNLQJRIH[SHUWV
6XVDQ$SSOHE\LVDVHFXULW\UHVHDUFKHUDW&(6*WKH8.¶V1DWLRQDO7HFKQLFDO$XWKRULW\IRU,Q
IRUPDWLRQ$VVXUDQFH+HUEDFNJURXQGLQFOXGHVPDWKHPDWLFVVRIWZDUHGHYHORSPHQWDQGV\VWHPV
HQJLQHHULQJDQGVKHKDVZRUNHGLQGLYHUVHUROHVDFURVVWKHRLOLQGXVWU\GHIHQFHDQGVHFXULW\
+HUUHVHDUFKLQWHUHVWVVSDQWHFKQLFDODQGKXPDQFHQWUHGVHFXULW\ZLWKDSDUWLFXODUIRFXVRQ
VHFXULW\PHDVXUHPHQWULVNHFRQRPLFVDQGGHFLVLRQPDNLQJ
-RQ*DULEDOGLLVD3URIHVVRURI&RPSXWHU6FLHQFHDQG+HDGRIWKH,QWHOOLJHQW0RGHOOLQJDQG
$QDO\VLVUHVHDUFKJURXSDWWKH8QLYHUVLW\RI1RWWLQJKDP8.+LVPDLQUHVHDUFKLQWHUHVWLVLQ
WKHGHYHORSPHQWRIDUWLILFLDOLQWHOOLJHQFHWHFKQLTXHVIRUGHFLVLRQVXSSRUWDQGLQWKHPRGHOOLQJ
RIKXPDQGHFLVLRQPDNLQJSULPDULO\LQPHGLFDODSSOLFDWLRQVDQGPRUHUHFHQWO\F\EHUVHFXULW\
FRQWH[WV)RUWKHSDVWHLJKWHHQPRQWKVKHKDVEHHQWKHDFDGHPLFOHDGRIWKHFROODERUDWLYHUH
VHDUFKSURMHFWZLWK&(6*ZKLFKLVWKHVXEMHFWRIWKLVSDSHU
8ZH$LFNHOLQLV+HDGRI6FKRRODQG3URIHVVRURI&RPSXWHU6FLHQFHDW7KH8QLYHUVLW\RI1RW
WLQJKDPZKHUHKH LVDPHPEHURIRQHRI LWV IRXU UHVHDUFKJURXSV ,QWHOOLJHQW0RGHOOLQJ	
$QDO\VLV,0$+LVORQJWHUPUHVHDUFKYLVLRQLVWRFUHDWHDQLQWHJUDWHGIUDPHZRUNRISUREOHP
XQGHUVWDQGLQJPRGHOOLQJDQGDQDO\VLVWHFKQLTXHVEDVHGRQDQLQWHUGLVFLSOLQDU\SHUVSHFWLYHRI
WKHLUFORVHO\FRXSOHGQDWXUH$VXPPDU\RIKLVFXUUHQWUHVHDUFKLQWHUHVWVLV0RGHOOLQJ$UWLILFLDO
,QWHOOLJHQFHDQG&RPSOH[LW\6FLHQFHIRU'DWD$QDO\VLV
7KH (GLWRULQ&KLHI RI WKH ,QWHUQDWLRQDO -RXUQDO RI 6HFXUH 6RIWZDUH (QJLQHHULQJ ,-66( ZRXOG OLNH WR LQYLWH \RX WR FRQVLGHU
VXEPLWWLQJDPDQXVFULSWIRULQFOXVLRQLQWKLVVFKRODUO\MRXUQDO
0,66,21
7KHPLVVLRQRIWKH,QWHUQDWLRQDO-RXUQDORI6HFXUH6RIWZDUH(QJLQHHULQJ,-66(LVWRSURYLGHD
IRUXPIRUVRIWZDUHHQJLQHHUVDQGVHFXULW\H[SHUWVWRH[FKDQJHLQQRYDWLYHLGHDVLQVHFXULW\DZDUH
VRIWZDUH V\VWHPV DQG DGGUHVV VHFXULW\ FRQFHUQV LQ VRIWZDUH GHYHORSPHQW SUDFWLFHV7KLV MRXUQDO
GLVFXVVHVPHWKRGVDQGDSSOLFDWLRQVRIV\VWHPDWLFTXDQWL¿DEOHDSSURDFKHVWRWKHGHYHORSPHQWRS
HUDWLRQDQGPDLQWHQDQFHRIVHFXUHVRIWZDUHV\VWHPV,-66(DGGUHVVHVWKHSUREOHPRIGHYHORSPHQW
GXDOLW\EHWZHHQFRQVWUXFWLQJDIXQFWLRQDOVRIWZDUHV\VWHPDQGFRQVWUXFWLQJDVHFXUHV\VWHPDWWKH
VDPHWLPH(PSKDVL]LQJVHFXULW\LVVXHVRIVRIWZDUHIURPDVRIWZDUHHQJLQHHULQJSHUVSHFWLYHWKLV
MRXUQDOSURPRWHVWKHLGHDWKDWVHFXULW\LVVXHVPXVWEHDQLQWHJUDOSDUWLQHYHU\SKDVHRIVRIWZDUH
GHYHORSPHQWDQGDGYRFDWHVWKHGHYHORSPHQWRIVHFXULW\DZDUHVRIWZDUHV\VWHPVIURPWKHJURXQG
XS7KLVMRXUQDOIDFLOLWDWHVSURPRWLRQDQGXQGHUVWDQGLQJRIWKHWHFKQLFDODVZHOODVPDQDJHULDOLVVXHV
UHODWHGWRVHFXUHVRIWZDUHV\VWHPVDQGWKHLUGHYHORSPHQWSUDFWLFHV7DUJHWLQJUHVHDUFKHUVDFDGHPL
FLDQVVRIWZDUHHQJLQHHUVDQG¿HOGH[SHUWVWKLVMRXUQDOSUHVHQWVFXWWLQJHGJHLQGXVWU\VROXWLRQVLQ
VRIWZDUHHQJLQHHULQJDQGVHFXULW\UHVHDUFK
723,&62),17(5(67,1&/8'(%87$5(127/,0,7('72
 $VSHFWRULHQWHGVRIWZDUHGHYHORSPHQWIRUVHFXUHVRIWZDUH
 %XLOGVHFXULW\LQ%6,
 'HSHQGDEOHV\VWHPV
 ([SHULHQFHUHODWHGWRVHFXUHVRIWZDUHV\VWHPV
 *OREDOVHFXULW\V\VWHPV
 0DLQWHQDQFHDQGHYROXWLRQRIVHFXULW\SURSHUWLHV
 0HWULFVDQGPHDVXUHPHQWRIVHFXULW\SURSHUWLHV
 3URFHVVRIEXLOGLQJVHFXUHVRIWZDUH
 3URJUDPPLQJVHFXULW\
 5HODWLRQVKLSVEHWZHHQVHFXULW\DQGRWKHUTXDOLW\FRQFHUQV
 6HFXUHGHSOR\PHQWRIVRIWZDUHDSSOLFDWLRQV
 6HFXULW\DUWLIDFWVHYROXWLRQDQGGRFXPHQWDWLRQV
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